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as compared to the glycosylation of the parent 
polypeptide. 



PCT/DK02/00128 

1 



NEW INTERFERON BETA-LIKE MOLECULES 



FIELD OF THE INVENTION 

5 

The present invention relates to new interferon p (BFNB) molecules, methods of prepaiing sudi 
molecules and &s use of such molecules in thearapy, in particular for the treatment of multiple 
sclecosds, viral infections or cancer. 

10 BACKGROUND OF THE INVENTION 

Interferons ate inq)ortant cytokines diaracterized by antiviral, anttproliferativei, and 

imimmomodulatoiy activities. These activities fotm a basis fcr the dinical benefits that have 

been observed in a number of diseases, including hepatitis, various cancers and multiple 
15 sclerosis. The interferons are divided into the type I and 11 classes. IFNB belongs to the 

class of type I interferons, which also includes interferons a, x and oo, whereas interferon y is 

the only known member of the distinct type U class. 

Human IFNB is a regulatory polypeptide with a molecular weight of 22 kDa consistmg 

of 166 amino add residues. It can be produced by most cells in the body, in particular 
20 fibroblasts^ in response to viral infection or exposure to other biologies. It binds to a multimeric 

cell surlGace receptor, and productive receptor binding results in a cascade of intracellular events 

leading to the expression of IFNB inducible gea.es which in turn produces efifects which can be 

dassified as antiviral, antiproliferative and immunomodulatory. 

The amino add sequence of human IFNB was reported by Tanigudii, Gene 10:11-15, 
25 1980, and in EP 83069, EP 41313 and US 4686191. 

Qystal structure have been reported for human and miurine IFNB, respectively 

CProc. Nati. Acad, Sd. USA 94:11813-11818, 1997. L MoL Biol. 253:187-207, 1995). They 

have been reviewed in Cell MoL Life Sci. 54:1203-1206, 1998. 

Rdativdy few protein-engineered variants of IFNB have been reported (WO 9525170, 
30 WO 9848018, US 5545723, US 4914033, EP 260350, US 4588585, US 4769233, Stewart et al, 

DNA Vol 6 no2 1987 pp. 119-128, Runkd et al, 1998, Jour. BioL Chem. 273, No. 14, pp. 8003- 

8008). 

Eajtression of IFNB in CHO cells has been reported (US 4966843, XJ^ 5376567 and US 
5795779). 
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RedUch et al, Proc. Nali. Acad. Sci., USA, Vol. 88, pp. 4040-4044, 1991 disclose 
iiranmiQreactivily of antibodies against synthetic p^tides corresponding to peptide stretches of 
leconibinant human IFNB with the raotation C17S. 

IFNB niolecules with a paitiailar glycosylation pattern and methods fiir thedr 
preparation have been reported (BP 287075 and EP 529300). 

Various references disclose modification of polypeptides by polymer conjugation or 
glycosylatioiL Polymer modification of native IFNB or a C17S variant thereof has been 
reported (EP 229108, US 5382657, EP 593868, US 4917888 and WO 99/55377). US 4,904,584 
.discloses PEGylated lysine dq}ld:ed polypeptides, wherein at least one lysine residue has been 
deleted or replaced with any other amino add residue. WO 99/67291 discloses a procMS for 
conjugating a protein with PEG, wherein at least one amino acid residue on the protein is 
deleted and the protein is contacted with PEG under conditions sufficient to achieve 
conjugation to the protein. WO 99/03887 discloses PEGylated variants of polypeptides 
belonging to the growth hormone superfamily, wherein a cysteine residue has been susbstituted 
with a non-essential amino acid residue located in a specified region of tihe polypeptide. IFNB 
is mentioned as one example of a polypeptide belonging to the growth hormone superfamily, 
WO 00/23114 discloses glycosylated and pegylated IKNB. WO 00/23472 discloses IFNB 
fusion proteins, WO 00/26354 discloses a method of producing a glycosylated polypeptide 
variant with reduced allergenicity, which as compared to a corresponding parent polypeptide 
comprises at least one additional glycosylation site, US 5^18,092 discloses modification of 
granulocyte colony stimulating factor (G-CSF) and other polypeptides so as to introduce at 
least one additional carbohydrate chain as armpared to the native polypeptide. IFNB is - 
maitioned as one example among many polypq)tides that allegedly can be modified according 
to the technology described in US 5,218,092. 

Commercial preparations of IFNB are sold under the names Betaseron® (also termed 
interferon plb, which is non-glycosylated, produced using reoomibinBnt bacterial cells, has a 
deletion of the N-temiinal methionine residue and tlie C17S mutation), and Avonex™^ and 
Rebii® (also termed interferon ^la, winch is glycosylated, produced using recombinant 
mammalian cells) for treatment of patieaits with multiple sderosis, have shown to be effective 
in reducing tiie exacerbation rate, and more patients remain exacerbation-firee &r prolonged 
periods of time as compared mitii placebo-treated patients. Furthemiore, the accumulation rate 
of disability is reduced (Neurol. 51:682-689, 1998). 
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Comparison of iaterfBron pla and plb with respect to structuie and function has been 
presented in Phaimaceut Res. 15:641-649, 1998. 

IFNB is the first therapeutic intervention shown to delay the progression of multiple 
sclerosis, a relapsing then progressive inflammatoiy degenerative disease of tiie central nervous 
system. Its mediasism of action, liowever, remains largely unclear. It appears Uiat IFNB has 
inhibitory effects on the proliferation of leukocytes and antigen presentation. Furthermore, 
IFNB may modulate the profile of cytokine production towards an anti-inflaDoanatoiy 
phenotype. Finally, IFNB can reduce T-cell migration by inhibiting the activity of T-cell matrix 
metalloproteases. These activities are likely to act in concert to account for the mechanism of 
IFNB in MS (Neurol. 51:682-689, 1998). 

In addition, IFNB may be used for the treatment of osteosarcoma, basal cell carcinoma, 
cervical dysplasia, glioma, acute myeloid leukemia, mxdtiple myeloma, Hodgkin's disease, 
breast carcinoma, melanoma, and viral infections such as papilloma virus, viral hepatitis, herpes 
genitalis, herpes zoster, herpetic keratitis, herpes simplex, viral encephalitis, cytomegalovirus 
pneumonia, and rhinovirus. Various side effects are associated with the use of current 
preparations of M©, including injection site reactions, fever, chills, myalgias, arfhralgiasi, and 
otiier flu-like symptoms (Clin. Therapeutics, 19:883-893, 1997). 

In addition, 6-40% of patients develop neutralizing antibodies to IFNB (Int. Arch. 
Allergy Immunol. 1 18:368-371, 1999). It has been shown that developmeat of IFNB- 
neutralimg antibodies decreases the biolo^cal response to IFNB, and causes a trend towards 
decreased treatment efBsct (Neurol. 50:1266-1272, 1998). Neutralizing antibodies will likely 
also impede the therapeutic utility of IFNB in connection with treatment of other diseases 
(Jmmunol. fammfher. 39:263-268, 1994). 

Given the magnitude of side effects with current IFNB produces, their association with 
firequent injection, the risk of developing neutralizmg antibodies impeding the desired ■ 
therapeutic effect of IFNB, and the potential for obtaining more optimal therapeutic IFNB 
levels with concomitant eaihanced therapeutic effect, there is clearly a need &r improved IFNB- 
like molecules. 

PCr/DKOO/00471 discloses novel IFNB conjugates comprising a non-polypeptide 
moiety ^tached to an IFNB polypeptide which have been modified by introduction and/or 
deletion of attachment sites for a non-polypeptide moiety such as PEG and of glycosylation 
sites. The molecules have improved properties, such as improved half-life and/or reduced 
reactivity with neutralizing antibodies raised against current IFNB products. 
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BRIEF DISCLOSURE OF THE INVENTION 

This application discloses improved IFNBmolecules having desired properties. 

Accordingly, in a first aspect the invention relates a glycosylated variant of a parent 
IFNB polypeptide compTising at least one in vivo glycosylation site, wherein an amino acid 
residue of said parent polypeptide located dose to said glycosylation site has been modified to 
obtain a variant polypeptide having increased glycosylation as compared to the glycosylation of 
the parent IFNB polypeptide. 

In a fiirflier aspect the invention relates to a method of increasing in vivo glycosylation of a 
parent IFNB molecule feat comprises at least one in vivo glycosylation site, which method 
comprises 

i) substituting an amino acid residue occupying a first position located close to the in 
vivo glycosylation site of the parent IFNB molecule with a second amino acid 
residue to produce a variant IFNB molecule, 

ii) measuring fee degree of glycosylation of fee variant relative to feat of fee parent 
IFNB molecule as obtained fbom e^qnession in a ^ycosylating host cdl under 
comparable conditions, 

iii) if necessary repeating step 1) to substitute the second amino add residue wife a fhiid 
amino add residue and/or to substitute an amino 'add residue located in a second 
position dose to fee glycosylation site wife a second amiiio add residue and 
repeating step ii) of eifea: the parent molecule or fee variant molecule resulting 
&om step i) , steps i)-m) bdng repeated until an increased in vivo glycosylation is 
obtained. 

In a fiirfeer aspect the invention relates to an interferon p polypeptide having an amino 
add sequence which differs fix)m that of wild-type human interferon p wife fee amino add 
sequence shown in SEQ ID NO 2 and comprising one of the following sets of mutations: 
DUOF; 
C17S+D110F; 
C17S+Q49N+Q51T; 
CnS+FlUN+RllST; 
C17S+Q49N+Q51T+F1 11N+R113T; 
D110F+F111N+R113T; 
C17S+D1 10F+ F111N+ Rl 13T; 



wo 02/074806 



5 



PCTflBK02/00128 



C17S+Q49N+ Q51T+D1 10F+ Fl 1 11^+ Rl 13T; 

C17S+K19IU 

C17S+K33R; 

C17S+K45R; 

C17S+K19R+K33R+K45R; or 

C17S+K19R+K33R+K45R+Q49N+Q51T+D110F+F111N+R113T, 
optionally comprising one or more polymers, eg one or more PEG molecules. 

In a spedfic aspect the invention rdates to am interferon j3 polypeptide having flie amino 

acid sequence: 

MSYOT^LGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEIKQLQNF 
TKEDAALTIY EMLQKIFAIF RQDSSSTGWN EHVENLLAN VYHQINHLKT 
VLEEKLEKEF NTTGKLMSSL HLKRYYGR3L HYLKAKEYSH CAWTIVRVEI 
LRNFYFINRL TGYLRN, 

optionally comprising one or more polymers, eg one or more PEG molecules. 

In another spedfic aspect the invention reilates to an interferon ]3 polypeptide having the 
amino add sequence: 

MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CXRDRMNFDI PEEIRQLQNF 
TECEDAALTIY EMLQMFAIF RQDSSSTGWN ETTVENLLAN VYHQINHLKT 
VLEEKLEKEF NTTGECLMSSL HLKR"VYGRIL HYLKAKEYSH CAWTTVRVEI 
LRNFYFINRL TGYLRN, 

cptiooally comprising one or more polymers, eg one or more PEG molecules. 

In a further aspect the invention relates to a glycosylated vaiiand: of an interferon P 
polypeptide having an amino add seqpience which differs finm that of wild-lype human 
interferon p with the amino add sequence shown in SEQ ID NO 2 and camprising one of the 
following sets of mutaticms: 
miOF; 
C17S+D110F; 
C17S+Q49N+Q51T; 
C17S+F111N+R113T; 
C17S+Q49N+Q5 IT+Fl 1 IN+Rl 13T; 
.D110F+F111N+R113T; 
C17S+D110F+FU1.N+ RIBT; 
.C17S+Q49N+ Q51T+D1 10F+ F111N+ Rl 13T; 
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C17S+K19R; 
C17S+K33I^ 
C17S+K45R; 

C17S+K19R+K33R+K45R; or 

C17S+K1$>R+K33R+K45R+Q49N+ Q51T+D110F+ F111N+R113T, 
optionally comprising one or more polymers, eg one or more PEG molecules. 

In a specific aspect the invention relates to a glycosylated variant of an interferon p 
polypeptide having the amino acid sequence; 

MSYNLLGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEIKQLQNF 
TKEDAALTIY EMLQNTFAIF RQDSSSTGWN EITVBNLLAN VYHQINHLKT 
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI 
LRNFYFINRL TGYLRN, 

optionally comprisiiig one or more polymers, eg one or more PEG molecules. 

]h another specific aspect the invention relates to a glycosylated variant of an inter&:on 
fi polypeiitide having the amino add sequence: 

MSYNLLGFLQ RSSNFQSQRL LWQ]JSr(mEY CUIDRMNFDI PEEIRQI^ 
TKEDAALHy EMLQNIFAIF RQDSSSTGWN ETTVENLLAN VYHQINHLKT 
VLEEBXEKEF NTTGKLMSSL HLECRYYGIOL HYIXAKEYSH CA\^^ 
LRNFYFINKL TGFYLRN, 

optionally conqprising one or more polymers, eg one or more PEG molecules. 

la still fiirther aspects the invention idates to means and methods for prqtaiing a variant 
polypeptide of the invention, including nucleotide sequences and expression vectors encoding 
the polypeptide as well as methods for preparing the polypeptide. 

in final aspects the inventioiti rdates to a therapeutic ccxmposition comprising a variant of 
the invention, to a composition of the invention for use in therapy, to tiie use of a coirqxjsition 
in therapy or for the manufacture of a medicament for treatment of diseases. 

DESCRIPTION OF TEiE DRAWINGS 

Fig. 'l is a Western blot of optimised glycosylation variants of hlFNB (as described in 
Examples 7 and 8) . Lane 1, wt bIFNB, lane 2, [Q49N, Q51T]hIFISlB, lane 3, [Q48F, Q49N, 
Q51T]hIFNB, lane 4, [Q48V, Q49N, QSlTIhlFNB, lane.5, [Q48W, Q49N, Q51T|hIFNB, lane 
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6,Maiker,lane7, [FlllN,R113TjhIFNB,lane 8, |pilOF,FlllN,R113T]liIFNB,andlane9 
IPIIOV, FlllN, RllSTlhlFNB. 

DETAILED DISCLOSURE OF THE INVENTION 

In the present application a number of leferences are referred to. They are all intended to be 
intxMcporated herein by reference. 

Parts of co-pending PCT/DKOO/00471 are essential for fully describing the present 
invention and have been incorporated into the present description. These parts are indicated by 
reference to PCT/DKOO/00471. It will be understood that ibose parts form part of the present 
invention to the extent that, e.g., the polypeptide variants described in PCT/DKOO/00471, may 
be xised as parent IFNB polypeptides for the modifications described herein. Also, novel 
inventive concepts based on the conjugates or polypeptides disclosed in PCT/DKOO/00471 are 
disclosed in the present application. 

DefinitioTts 

In the context of the present application and invention (and, when relevant, to the invention 
according to PCT/DKOO/00471) the foJlowing definitions apply: 

The team "conjugate" (or interchangeably •'conjugated polypeptide") is intended 
to indicate a heterogeneous (in the sense of composite or clmnetic) molecule formed by the 
oovalent attadunent of one or more polypeptide(s) to one or more non-polypeptide moieties. 
Hie term covalent attachment means tiiat the polypeptide and the non-polypeptide moiety are 
either direcdy covalently joined to one another, or else are indirectly oovalectly joined to one 
another throu^ an intervening moiety or moieties, such as a bridge, spacer, or linkage moiety 
or moieties using an attachment group present in the polypeptide. Frefisarably, the conjugate is . 
soluble at relevant concentrations and conditions, Le. soluble in physiological fluids such as 
blood. Examples of conjugated polypeptides of the invention include glycosylated and/or 
PEGylated polypeptides. The term "non-KXjqugated polypeptide" may be used about the 
polypeptide part of the conjugate. 

The term "non-polypeptide moiety" is intended to indicate a molecule that is 
capable of conjugating to an attachment group of a polypeptide of the invention. Preferred 
examples of such molecule include polymer molecules, sugar moieties, lipophilic compounds, 
or organic derrvatizing agents. When used in the context of a conjugate as described hordn it 
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will be understood that fhe noit-polypeptide moiety is linked to the polypeptide pait of the 
conjugate through an attachment group of the polypeptide. 

The term "polymer molecule" is defined as a molecjile formed by covalerrt 
linkage of tnro or more monomers, wherein none of the monomers is an amino add residue, 
except where the polymer is human albumia or another abundant plasma protein. The term 
"polymer" may be used interchangeably with the term "polymer molecule". The term is 
intended to cover carbohydrate molecules attached by in vitro glycosylation, i.e. a synthetic 
glycosylation performed in vitro normally involving covalently linking a carbohydrate molecule 
to an attachment group of the polypeptide, optionally using a cross-linking agent Carbohydrate 
molecules attached by in vivo glycosylation, such as N- or 0-glycosylation (as further described 
below)) are referred to herein as "a sugar moiety". Except where tiie number of non- 
polypeptide moieties, such as polymer molecuie(s) or sugar moieties in the conjugate is 
expressly indicated every reference to "a non-polypeptide moiety" contained in a conjugate or 
otherwise used herein shall be a reference to one or more non-polypeptide moieties, such as 
polymer molecule(s) or sugar moieties, in the conjugate. 

The term "attachment groxrp" is intended to indicate an amino acid residue groiip 
of the polypeptide capable of coi^ling to the relevant non-polypeptide moiety. For instance, for 
polymer, in particulaa: PEG oonjugatiDn a frequently used attachment group is the &-amino 
group of lysine or the N-terminal amino gfoxip. Other polymer attachment groups indude a fiee 
carboxylic add group (e.g. that of the C-tenninal amino add residue or of an aspardc add or 
glutamic add residue), suitably activated caibonyi groups, mercapto groups.Ce.g. that of 
cysteine residue), aromatic add residues (e.g. Phe, "I^r, Trp), hydrojcy groups (e.g. that of Ser, 
Thr or OH-Lys), guamdine (e.g. Arg), Imidazole (e.g. His), and oxidized carbohydrate moieties. 

For in vivo N-glycoaylation, the tam "attachment group" is used in an 
unconventional way to indicate the amino add residues constituting an N-glycosylation site 
(witii Hbe sequence N-X'-S/T/C-X' whexeia. X' is any amino add residue except proline, X' ' 
any amino add residue that may or may not be identical to X' and preferably is different ftom 
proline, N is asparagine and S/T/C is ather serine, teeonine or cystdue, preferably serine or 
threonine, and most preferably threonine). Although the asparagine residue of the N- 
glycosylation site is the one to which the sugar moiety is attached during glycosylation, such 
attachment cannot be achieved unless the olher amino add residues of the N-glycosylation site 
is present. Accordingly, when the non-polypeptide moiety is an N-linked sugar moiety, the term 
"amino add residue comprising an attachment group for the non-polypesptide moiety" as used 
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in coimection with altacadons of the amino add sequence of the patent polypeptide is to be 
understood as amino aad residues constituting an N-gLycosylation site is/are to be altered in 
such a manner that either a functional N-glyoosylation site is introduced into the amino add 
sequence or removed fiom said sequence. For an '^glycosylation site" the attachment groizp is 

5 the OH-group of a serine or threonine residue. 

The term "one difference" or "differs fiom" as used in connection with specific 
mutations is intended to allow for additional differences being present apart fixtm the spedfied 
amino add differ^ce. For instance, in addition to the removal and/or introduction of amino 
add residues comprising an attachment group for the non-polypeptide moiety the IFNB 

10 polypeptide may comprise other substitutions that are not related to introduotion and/or removal 
of such amino add residues. The temi "at least one" as used about a non-polypeptide moiety, 
an amino add residue, a substitution, etc is intended to mean one or more. The terms 
"mutation" and "substitution" are used interdiangeably herein. 

In the present application, amino add names and atom names (e.g. CA, CB, CD, 

15 CG, SG, NZ, N, O, C, etc) are used as defined by the Protein DataBank (PDB) fwww.pdb.oret 
which are based on the IUPAC nomendature (lUPAC Nomenclature and Symbolism for 
Amino Adds and Peptides (residue names, atom names e.tc.), Eur. J. Biochem., 138, 9-37 
(1984) together wiHitheir corrections mEur. J. Biochem., 152, 1 (1985). CA is sometimes 
re&ired to as Co, CB as 0^. The tenn "amino add residue" is intended to indicate an amino 

20 acid residue contained in the group oonsistmg of alanme (Ala or A), cystdne (Cys or C), 

aspartic add (Asp ox D), glutamic add (Glu or E), phenylalanine (Phe or F), glycine (Gly or G), 
histidine (His or H), isoleudne (He or I), lysine (Lys or K), leudne (Leu or L), methionine (Met 
or M), asparagme (Asn or N), proline (Pro or P), glutamine (Ghi or Q), argjnme (Aig or R), 
serine (Ser or S), threonine (Thr or T), valine (Val or V), tryptophan (Tip or W), and tyrosine 

25 (Tyr or Y) residues. The tciminology used for identiJ^dng amino acid positions/substitutions is 
illustrated as follows: C17 (indicates position #17 occupied by a cysteine residue in the amino 
add sequence shown in SEQ ID NO 2). C17S (indicates that the cysteine residue of position 17 
has been replaced with a serine). The numbering of amino add residues made herein is made 
relative to the amino add sequence shown in SEQ ID NO 2. "Mldel" is used about a deletion 

30 of the methionine resi due o ccupying position 1 . Multiple substitutions are indicated with a "4-", 
e.g. R71N+-D73T/S means an amino acid sequence wMdi comprises a substitution of the 
arginine residue in position 71 with an asparagine and a substitution of the aspartic add residue 
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in position 73 with a threonine or serine residue, preferably a threonine residue. T/S as used 
about a givm substitution hrardn means either a T or S residue, preierably a T residue. 

The tenn "nucleotide sequence" is intended to indicate a consecutive stretch of 
two or more nucleotide molecules. The nucleotide sequence may be of genomic, cDNA, KNA, 
semisyathetic, synthetic origin, or any comhinations thereof 

The term "IFNB protein sequence famil y" is used in its conventional meaning, i.e. 
to indicate a group of polypeptides with sufficiently homologous amino acid sequences to allow 
aiigmnent of the sequences, e.g. using the CLUSTALW program. An IFNB sequence femily is 
available, e.g. fiom the PFAM families, version 4.0, or may be prepared by use of a suitable 
computer program such as CLUSTALW vereion 1.74 using defeult parameters CThompson et 
al., 1994, CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment 
through sequence weighting, position-specific g^ penalties and weight matrix choice, Nudedc 
Acids Research, 22:4673-4680). 

"Cell", "host cell", "cell line" and "cell culture" are used interchangeably herein 
and all such terms should be understood to include progeny resulting fiom growth or culturing 
of a cell. "Transformation" and "transfection" are used interchangeably to refer to the process 
of introducing DNA into a cell. 

"Operably linked" refers to the covalent joining of two or more nucleotide 
sequences, by means of enzymatic ligation or otherwise, in a configuration relative to one 
another such that the normal ftmction of the sequences can be perfonned. For examplei, the 
nucleotide sequoioe encoduig a presequenoe or secretory leader is operably linked to a 
nucleotide sequence for a polypeptide if it is expressed as a preprotein that participates in the 
secretion of the polypeptide: a promoter or enhancer is operably linked to a coding sequence if 
it affects the transcription of the sequence; a rfljosome binding site is operably Hhked to a 
coding sequence if it is positioned so as to facilitate translation- Generally, "operably linked" 
means that tiie nucleotide sequences being linked are contiguous and, in the case of a secretory 
leader, contiguous and in reading phase. Liniking is accompHshed by ligation at convenient 
restriction sites. If such sites do not exist, then sjnathetic oligonucleotide adaptors or linkers are 
used, in conjunction with standard recombioant DNA methods. 

The term "introduce" is primarily intended to mean substitution of an existing 
amino add residue, but may also mean insertion of an additional amino add residue. The term 
"remove" is primarily intended to mean substitution of the amino acid residue to be removed by 
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another amino add residue, but may also mean deletion (without substitution) of the amino add 
residue to be removed. 

Uie term "immunogoiicity" as used in connection with a given substance is 
intended to indicate the ability of the substance to induce a response firom the immune system. 
The immune response may be a cell or antibody mediated response (see, e.g., Roitt: Essentia! 
Immunology (8**^ Edition, Blackwell) for further definition of immunogeaiidfy). 
Immunogenidty may be determined by use of any suitable method known in the art, e.g. in vivo 
or in vitro, e.g. using the in vitro immunogenidty test outlined in the Materials and Methods 
section below. The term "reduced immunograiidty" as used about a given polypeptide or 
conjugate is intended to indicate that the conjugate or polypeptide gives rise to a measurably 
lower immune response than a reference molecule, such as wildtype human IFNB e.g. Rebif or 
Avonex, or a variant of wild-type human IFNB such as Betaseron, as determined under 
comparable conditions. When reference is made herein to coinmerdally available IFNB 
products (i.e. Betaseron, Avonex and Rebif), it should be understood to mean either the 
formulated product or the IFNB polypeptide part of the product (as appropriate); Normally, 
reduced antibody reactivity (e.g. reactivity towards antibodies present in serum from patients 
treated with comm^cial IFNB products) is an indication of reduced immunogenidty. 

The tenn "functional in vivo half-Kfe?* is used in its normal meaning, Le. the time at 
whidi 50% of a given functionality of the polypeptide or conjugate is retained (such as the time 
at whidi 50% of the biological activity of the polypeptide or conjugate is still present in the 
body/target organ, or tiie time at whidi the activity of the polypeptide or conjugate is 50% of 
the initial value). As an alternative to detennintng functional in vivo half-life, "serum half-hfb" 
may be deteamined, i.e. the time in which 50% of the polypeptide or conjugate molecules 
circulate in the plasma or bloodstream prior to being cleared. Determination of serum half-hie . 
is often more simple than determining functional in vivo half-life and the magnitude of serum 
half-life is usually a good indication of the ma^tude of functional in vivo half-Hie. Alternative 
terms to serum half-life mdude "plasma half-lifis", "drculating half-life?', "serum clearance", 
"plasma dearancei" and "deaiance half-life^'. Has functionality to be retained is normally 
selected fimn antivhal, antiproliiisrative, immunomodulatory or receptor binding activity. 
Functional in vivo half-life and serum half-life may be determined by any suitable method 
known in the art as further discussed in the Materials and Methods section hereinafter. 

The polypeptide or conjugate is normally deared by the action of one or more of 
tiie reticuloendothelial systems (RES), Mdney, spleen or liver, or by specific or unspedfic 
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proteolysis. Clearance taking place by the kidneys may also be referred to as "renal clearance" 
and is e.g. accomplished by glomerular filtration, tubular excretion or tubular dimination. 
Normally, clearance depends on physical characteristics of the polypqptide or conjugate, 
including molecular weight, size (diameter) (relative to the cut-off for glomerular filtration), 
charge, symmetry, shape/rigidity, attached carbohydrate chains, and the presence of cellular 
receptors for the protein. A molecular weight of about 67 kDa is considered to be an important 
cut-off-value for renal clearance. 

Reduced renal clearance may be established by any suitable assay, e.g. an 
established in vivo assay. Typically, the renal clearance is determined by administering a 
labelled (e.g. radiolabelled or fluorescence labelled) polypeptide or polypeptide conjugate to a 
patient and measuring the label' activity in urine collected from the patient. Reduced renal 
clearance is determined rdative to the corresponding non-conjugated polypeptide or the non- 
conjugated corresponding wild-type polypeptide or a commercial IFNB product under 
comparable conditions. 

The term "increased" as used about the functional in vivo half-life or serum half- 
life is used to indicate that the relevant half-life of the conjugate or polypeptide is statistically 
significantly inoreased relative to that of a refo'ence molecule, such as an nn-oonjugated 
wildJype human IFNB (e.g. Avonex or Rebif) or an nnconjugated variant human IFNB (e.g. 
Belasearon) as determined under comparable conditioiis. 

The teicm "reduced immunogenidty and/or increased fimctional in vivo half-life 
and/or increased smm half-lifei" is to be understood as covering any one, two or all of these 
properties. Preferably, a conjugate or polypeptide as described herein has at least two of these 
properties, i.e. reduced immimogenicily and incxeased functional in vivo half-life, reduced 
immunogeddty and increased serum half-lifs or increased functional in vivo half-life and 
inoreased serum half-life. Most preferably, the conjugate or polypeptide has all properties. 

The term "under comparable conditions" as used about measuring of relative 
(rather than absolute) properties of a molecule of the invention and a reference molecule is 
intended to indicate that the relevant property of the two molecules is assayed using the same 
assay the assay is performed under the same conditions including the same internal 
standard), and, when relevant, the same type of animals. 

The term "exhibiting IFNB activity" is intended to indicate that the polypeptide 
or conjugate has one or more of the fimctions of native IFNB, in particular human wildtype 
IFNB with the amino acid sequence shown in SEQ ID NO 2 (which is the mature sequence) 
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Optionally expressed in a glycosylating host cell or any of liie commerciaUy available IFNB 
products. Sudi fimctions indude capability to bind to an interferon receptor that is capable of 
binding IFNB and initiating intracellular signalling fiom the reenter, in particular a type I 
interfeion receptor constituted by the receptor subunits IFNAJR-2 and IFNAR-1 (Domanski et 
al., The Journal of Biological Chemistiy, Vol. 273, No. 6, pp3144-3147, 1998, Mogensen et al.. 
Journal of Interfraonand Cytokine Researdi» 19: 1069-1098, 1999), and antiviral, 
antiprolifCTative or immunomodulatoiy activity (which can be determined using assays known 
in the art (e.g. those cited in the following disclosure)). IFNB activity may be assayed by 
methods known in the art as exemplified in the Materials and Methods section hereinafter. 

The polypeptide or conjugate "exhibiting" or "having" IFNB activity is 
considered to have such activity, when it displays a measurable function, e.g. a measurable 
receptor binding and stimulating activity (e.g. as determined by the primary or secondary assay 
described in flie Materials and Mdhods section). The polypeptide exhibiting IFNB activity may 
also be termed "IFNB molecule", IFNB variant polypeptide" or "IFNB polypeptide^" herein. 
The terms "IFNB polypeptide", "IFNB variant" and "variant polypq)tide" arejaimarily used 
herein about modified polypeptides of the invention. 

The term "parent IFNB" is intended to indicate the starting molecule to be 
unproved in accordance with the present invention or, when relevant, the invention according to 
PCriT)K0O/0O471. Preferably, liie parent IFNB belongs to the IFNB sequence femily. While 
the parent IFNB may be of any origin, such as vertebrate or mammalian origm (e.g. any of the 
origins defined in WO 00/23472), the parent IFNB is preferably wild-type human IFNB with 
the amino acid sequence shown in SEQ 3D NO 2 or a variant thereof In the context of a parent 
IFNB polypeptide^ a "varianf ' is a polypeptide, which differs in one or more amino add 
residues fix)m aparent polypeptide^ noimally in 1, 2,3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14 or 15 
amino add residues. Examples of wild-lype human IFNB indude the polypeptide part of 
Avonex or Rebif An cxaxaple of a parent IFNB variant is Betaseron. Alternatively, the parent 
IFNB polypeptide may comprise an amino add sequence^ whidi is a hybrid molecule between 
IFNB and another homologous polypeptide, such as interferon tx, optionally containing one or 
more additional substitutions introduced into the hybrid molecule. Such a hybrid molecule may 
contain an amino add sequence, whidi differs in more than 10 amino add residues fi:Qm the 
amino add sequence shown m SEQ ID NO 2. In order to be useful as a parent polypeptide the 
hybrid molecule exhibits IFNB activity (e.g. as determined in the secondary assay dracribed in 
the Materials and Methods section herein). Other examples of variants of wild-type human 
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IFNB that may serve as parent IFNB molecnles in the present invention are the variants 
d^cribed in PCT/DKOO/00471 having introduced and/or removed amino add residues 
comprising an attachment group for a non-polypeptide moiety, any IFNB molecule described in 
WO 00/23114, WO 00/23472, WO 99/3887 or otiierwise available in the art. 

The term "functional site" as used about a polypeptide or conjugate of the 
invention according to PCT/DKOO/00471 or according to the present invention is intended to 
indicate one or more amino acid residues wMch is/are essential for or otherwise involved in the 
function or performance of IFNB, and thus "located at" the functional site. The functional site 
is e.g. a receptor binding site and may be determined by methods known in the art, preferably 
by analysis of a structure of the polypeptide complexed to a relesvant receptor, such as the type I 
interferon receptor constituted by IFNAR-1 and IFNAR-2. 

Polypeptide variants of flie present inventioji 

Variants with increased glycosylation 

It has surprisingly been found that glycosylation at a given glycosylation site of an IFNB 
molecule may be increased by modifying one or more amino add residues located close to said 
glycosylation site, 'whether it is an introduced site or a nfltorally-oocuning site. 

Aocordin^y, in one aspect the present invejition relates to a ^ycosylated variant of a 
parent IFNB polypejitide comprising at least one in vivo glycosylation site, wherein an amino 
add residue of said parent polypeptide located dose to said glyoosylation site has been 
modified to obtain a variant polypeptide having an incasased glycosylation as oonqjared to the 
glyoosylation of tiie parent polypeptide. 

The term '"variant" is used to denote that amino add residues of the parent polypesptide 
have been dianged. The glycosylated variant may also be termed an IFNB conjugate 
(comprising a non-polypeptide moiety being a sugar moiety attadied to the polypeptide part of 
the conjugate). 

Normally, the in vivo glycosylation site is an N-glycosylation site, but also an O- 
glycosylation site is contemplated as relevant for the present invention. 

In the present context the term "increased glycosylation" is intended to indicate 
increased levds of attadied carbohydrate molecules, normally obtained as a consequence of 
increased (or better) uttlization of glycosylation site(s). The increased glycosylation may be 
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detemuned by any suitable xnefhod knowa in the art for analyzing attached caibdbydrate 
structures. One convenient assay fitr detennining attached carbohydrate structures is the method 
described in Example 7 and 8 hereinafiier. 

An amino add residne "located dose to" a glycosylation site is usually located in 
position -4, -3, -2, -1, +1, +2, +3 or +4 relative to the amino addiesidue of the glycosylation 
site to which the carbohydrate is attached, in particular in position ~2, -1 , +1 , or +2, such as 
position -1 or +1. Thus, the amino acid residue located close to an N-glycosylation site ^laving 
the sequence N-X'-S/T/C-X") may be located in position -3, -2, -1 relative to the N- 
r^idue, at position X' or X' ' (in which case the amino acid residue to be introduced is 
preferably different from proluie), or at position +1 relative to the X" residue. 

The amino acid modiiScation is normally a substitution, the substitution being made 
witbi any other amino add residue that gives rise to an increased glycosylation of the IFNB 
variant as compared to that of the parent IFNB polypeptide. Such other amino add residue may 
be determined by trial and error type of experiments (i.e. by substitution of the amino arid 
residue of the relevant position to any other amino acid residue, and determination of the 
resulting glycosylation of the resulting variant). 

in prindple the par^t IFNB polypeptide to be modified in accordance with the present 
invention may be any polypeptide cKbibiting IFNB activity and having at least one 
gLyoosyladon site, in particular an N-glycosylation site. Suitable parent polypeptides axe given 
in the section he3:einabove entitled "Definitions" and may inchtde a wildlype IFNB e^g. wt 
human IFNB, or a non-naturally occurring IFNB polypeptide, e.g. a variant or fragment of wt 
human IFNB, 

The parent IFNB polypeptide may comprise more than one glycosylation site^ e.g. 2-10, 
such 2-7 or 2-5 glycosylation sites. The glycosylation site may be a naturally-occuiring 
glycosylation site or an introduced glycosylation site, preferably an N-glycosylation site. The 
N-glycosylation site defined by N80 and T82 of wildlype human IFNB is an example of a 
naturally occurring glycosylation site. 

Wbea the parent IFNB polypeptide comprises at least one introduced K-glycosylation 
site, said site is preferably located in a position which is equivalent to or being any of those 
described in the section entitled "Conjugate of the invention according to PCT/DK00/0047r* or 
"Conjugate of the invention according to PCT/DKDO/00471 wherein the nonrpolypeptide 
moiety is a sugar moiety". 
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An "equivalent positioir is intended to indicate a position ia. the amino add sequence of 
a given IFMB polypeptide, which is homologous (Le. corresponding in position in either 
primary or tertiary structure) to the relevant position in the amino add sequence shown in SEQ 
ED NO 2. The "equivalent position" is converdently determined on the basis of an aHgnment of 
members of the IFNB protein sequence family, e.g. using the program CLUSTALW version 
1.74 using default parameters (Thompson et aL, 1994, CLUSTAL W: improving the sensitivity 
of progressive multiple sequence alignment Uaough sequence wdghting, position-spedfic gap 
penalties and wdght matrix choice, Nudac Adds Researdi, 22:4673-4680) or from piiblisihed 
alignments. 

In a specific embodiment, the parent IFNB polypeptide is wt human IFNB comprising 
one or more introduced glycosylation sites, whict site(s) is/are introduced by means of 
substitution(s) as defined in ihe section entitled "Conjugate of the invention according to 
PCT/DKOO/00471 wherein the non-polypeptide moiely is a sugar moiety*'. When ihe parent 
IFNB polypeptide is derived from wt human IFNB it normally also compiises natorally- 
occuiring glyco?ylation site at podtion N80. 

For instance, the parent IFNB polypeptide comprises 
an iiKtioduced glycosylatioii site in a position equivalent to at least one of the Allowing 
positions 2, 49, 51 or 111 of the amino add sequence of wt human IFNB with the amino add 
sequence shown in SEQ ID NO 2 (as defined by the amino acid substitutions S2N+1S14T/S, 
Q49N+Q51T/S, Q51N+E53T/S or Fl 1 IN+Rl 13T/S, respectively) and/or comprises a 
gljroosylation site in a corresponding position of that of the wt famnan IFNB sequence defined 
by N8(H-T82. The variant according to the invention prepared firam such paraat IFNB 
polypeptide &rther comprises an amino add substitution in a position located dose to the N- 
glycosylafion site, e.g. in a position corresponding to or being position 1, 48, 50, 79 or 1 10 of 
SEQ ID NO 2, the substitution being with an amino add residue wMdi is different fiiom that 
occupymg the relevant position in the parent polypeptide and capable of giving rise to an 
increased glycosylation at the relevant glycosylation site as contpaied to the pareaot IFNB 
polypeptide. 

More specifically, in accordance with one embodiment of the present invention the 
variant is prepared fijom a parent IFNB polypeptide comprising an introduced glycosylation site 
defined by a substitution equivalent to or bdng Q49N+Q5 IT/S of SEQ ID NO 2, the variant 
further comprising a substitution of the amino add residue located in an equivalent position to 
or bdng K45, Q46, L47, Q48, F50, or K52 of SEQ ID NO 2, the substitution bdng made to an 
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amino add residue whidi gives rise to increased glycosylation at said introduced glycosylation 
site as compared to that of the parent IFNB polypeptide. Prefaably, the amino acid residue to 
be substituted is located in a position eqpiivalent to or being Q48. 

In anotho: embodiment the variant is prepared fiom a paimt IFNB polypeptide 
comprising an introduced glycosylation site defined by a substitution equivalent to or being 
F 1 1 IN+Rl 13.T/S of SEQ ID NO 2, the variant ftnther comprising a substitution of the amino 
acid residue located in an equivalent position to or being El 07, Kl 08, El 09, Pl 1 0, Tl 12, or 
Gl 1 4 of SEQ ID NO 2, the substitution being made to an amino acid residue which gives rise 
to increased glycosylation at said introduced glycosylation site as compared to that of the parent 
IFNB polypeptide. Preferably, the amino add residue to be substituted is located in a position 
equivalent to or being DUO. 

In yet another embodiment the variant is prepared from a parent IFNB polypeptide 
comprising an introduced glycosylation site defined by a substitution equivalent to or being 
Q51N+E53T/S of SEQ ID NO 2, the variant further comprising a substitution of the amino add 
residue located in an equivalent position to or being L47, Q48, Q49, F50, K52, or D54 of SEQ 
ID NO 2, the substitution being made to an amino add residue which gives rise to increased 
glycosylation at said introduced glycosylation site as compared to that of the parent IFNB 
polypeptide. Preferably, the amino add residue to be substituted is located in a position 
equivalent to or being Q49. 

In yet another embodiment the variant is prepared from a parent IFNB polypeptide 
comprising an introduced glycosylation site defined by a substitution equivalent to or being 
S2N+N4T/S of SEQ ID NO 2, Ibe variant further comprising a substitution of the amino add 
residue located in an equivalent position to or being Ml, Y3 or L5 of SEQ ID NO 2, the 
substitution being made to an amino add residue which gives rise to increased glycosylation at 
said introduced glycosylation site as compared to that of the parent IFNB polypeptide. 
Preferably, the amino acid residue to be substituted is located In a position equivalent to or 
being Ml. By me of http://www.cbs.dfai.dk/services/SigttaIP/) it has been verified that all 
amino add substitutions are allowed in position 1 of SEQ ID NO 2 (Le. allows fi>r correct 
signal peptide cleavage). 

In yet another embodiment the variant is prepared from a parent IFNB polypeptide 
comprising a naturally occurring gtycosylation site located in a position equivalent to or being 
N80 and T82 of SEQ ID NO 2, the variant fiirfha: comprising a substitution of the anmio add 
residue located in an equivalent position to or being S76, T77, E78, W79, E81 or 183 of SEQ ID 
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KO 2, the substitutiQiL being made to an amino add residue which gives rise to increased 
glycosylation at said introduced glycosylation site as compared to that of the parent IFNB 
polypeptide. Plefeably, the amino acid residae to be substituted is located in a position 
equivaleait to or being W79. 

For instance^ &e variant according to this aspect comprises at least one of the following 
' sets of mutations: 
Q48F,V,W,Y + Q49N+Q51TyS; 
DnOF,V,Y + Fl 1 1N+R113T/S 

all mutations being indicated relative to the amino add sequence shown in SEQ ID NO 2. 

It will be understood that glycosylation &om glycosylation sites introduced in other 
positions than those spedficaEy mentioned above (e.g. in a position occiqjied by any surface 
exposed amino add residue as defined in PCT/DK0(VO0471) maybe modified analogously to 
what has been described above. 

Furthermore, it is presently prefenred that the parent IFNB polypeptide to be modified 
according to Ibis aspect is fi:ee firom a fiiee cysteine residue, e.g. firom the cysteine residue 
located in position 17 of SEQ ID NO 2, Preferably, when the parent polypeptide is derived fi»m 
wt human IFNB the parent comprises a non-cysteine amino add residue in position 17, e.g. the 
mutation C17S, relative to the amino acid sequence shown in SEQ ID NO 2. 

In yet another embodiment the pareait IFNB polypeptide to be modified in accordance 
with this aspect con^ses at least one introduced and/or removed amino add residae 
comprising an attachment group for a second non-polypeptide moiety. For instance, the 
introduced and/or removed amino add residue is as described in the section entitled "Conjugate 
of the invemtion according to PCT/DKOO/0047r', "Conjugate of the invention according to 
PCT/DKOO/00471 whearan the non-polypeptide moiety is a molecule that has lysine as an 
attadiment group", "Corrjugate of tibie invention according to PCT/DKOO/00471 wherein the 
non-polypeptide moiety binds to a cysteine residue?', or 'Conjugate of the invention according 
to PCT/DKOO/00471 wherein the non-polypeptide moiety binds to an add group", and thus the 
parent IFNB polypeptide is the polypeptide part of a conjugate as described in any of these 
sections. 

Hie amino add residue comprising an attachment group for a non-polypeptide moiety 
is, e.g., a lysine residue. In a spedfic embodiment the parent IFNB polypeptide comprises at 
least one substitution of an amino add residue located in an equivalent position to or bemg 
K19, K33, K45 and K123, the lysine residue preferably bdng substituted wifh an R residue. 
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More specifically, the parent IFNB polypeptide may comprise one of the following sets 
of mutations (indicated relative to SEQ ID NO 2): 
C17S+Q49N+Q51T+F11 1N+R113T; 
S2N+N4T+C17S+Q51N+E53T; 

CI7S+K19R+K45R+Q49N+Q51T+F1 1 IN+Rl 13T+K123R; 

C17S+K19R+K33R+K45R+Q49N+Q51T+F111N+R113T+K123R; 

S2N+N4T+C17S+K19R+K45R+Q51N+E53T+K123R; 

S2N+N4T+C17S+K19R+K33R+K45R+Q51N+E53T+K123R; 

S2N+N4T+C1 7S+K1 9R+K45R+Q51N+E53T+F1 1 IN+Rl 13T+K123R; or 

S2N+N4T+C17S+K19R+K33R+K45R+Q51N+E53T+F111N+R113T+K123R 

When the parent IFNB polypeptide comprises the mutation Q49N+Q51T/S, the variant 
according to this aspect preferably fUrfher comprises the substitution Q48F,V,W,Y. When the 
parent IFNB polypeptide comprises the mutations Fl 1 IN+Rl 1 3T/S, the variant preferably 
further comprises the substitution D110F,V,Y. 

It will be understood that when the parent IFNB polypeptide and thus the variant 
comprises an introduced and/or removed amino acid residue comprising an attachment group 
for a second non-polypeptide moiety, the variant is preferably not only glycosylated, but also 
conjugated to the second non-polypeptide moiety via at least one introduced and/or removed 
attachment group. The second non-polypeptide moiety is usually different fiom a sugar moiety, 
and is normally a polymo:, such as PEG. The section entitled "Ncn-polypeptide moiety of a 
conjugate of the invention" describes suitable polymers and other types of non-polypeptide 
moieties which can be used as second non-polypeptide moieties for conjugation of the variants 
according to this aspect. 

In a further aspect the invention rdates to an interferon p polypqrtide having an amino 
acid sequence which differs fiom that of wild-type human interferon p with the amino add 
sequence shown in SEQ ID NO 2 and comprising one of the following sets of mutatioM: 
DllOF; 
C17S+D110F; 
C17S+Q49N-fQ51T; 
C17S+F111N+R113T; 
C17S-KJ49N+Q51T+F1 1 IN+Rl 13T; 
D110F+F111N+R113T; 
C17S+D110F+ Fl 11N+ R113T; 
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C17S+Q49N+ Q51T+D1 10F+ Fll 1N+ Rl 13T; 

C17S+K19R;. 

C17S+K33R; 

C17S+K45R; 

C17S+K19R+K33R+K45R; or 

C17S+K19R+K33R+K45R+Q49N+ Q51T+D110F+ F111N+ RUST, 

optionally comprising one or more polymers, eg one or more PEG moleailes. 

Each of these sets of mutations is considered an individual embodiment, and may be the subject 

of a claim. 

In a specific aspect the invention relates to an interferon P polypeptide baving the amino 

acid sequence: 

MSYNLLGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEDCQLQNF 
TKEDAALTEY EMLQIOTAIF RQDSSSTGW ETIVENLLAN VYHQIN^ 
VLEEKLEKEF ISnTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWITVRVEI 
LRNFYFINRL TGYLKN, 

optionally compiising one or more polymers, eg one or more PEG molecules. 

In another specific aspect the invention relates to an interferon p polypeptide having the 
amino acid sequexice: 

MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNFDI PEEIRQLQNF 
TKEDAALITY EMLQMFAIF RQDSSSTGWN ETTVENLLAN VYHQINHLKT 
VLEEKLEKEF im-GKLMSSL HLKRYYGRIL HYLKAKEY 
LKNFYFINRL TGYLRN, 

optionally comprising one or more polymers, eg one or more PEG molecules. 

In a furlber embodiment the interfraon p polypeptide furtbea: comprises a PEG molecule^ in 
particular a 12lcDa or 20kDa PEG, eg. mono-PEG 20kDa, Whai the interferon beta molecule is 
PEGylated it usually comprises 1-5 polyethylene glycol (PEG) molecules. In a further embodiment the 
interferon molecule comprises 1-5 PEG molecules, such as 1, 2 or 3 PEG molecules. In a further 
embodiment each PEG molecule has a molecular weight of about 5 kDa (kilo Dalton) to 100 kDa. In a 
further embodiment eacb PEG molecule has a molecular weight of about 1 0 kDa to 40 kDa. In a 
further embodiment eacb PEG molecule has a molecular weight of about 12 kDa. In a further 
embodiment each PEG molecule has a molecular wdght of about 20 kDa. Preferably the interferon 
molecule comprises 1-3 PEG molecules each having a molecular weight of about 12 kDa, or 1 PEG 
molecule having a molecular weight of about 20 kDa. Suitable PEG molecules are available fxim 
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Shearwater Polymers, Inc. and Enzon, Inc. and maybe sdected from SS-PEG, NPC-PEG, aldehyd- 
PEG, mPEG-SPA, mPEG-SCM, mPEG-BTC, SC-PEG, tresylated mPEG (US 5,880,255), or 
oxycafbonyl-oxy-N-dicarboxymude-PEG (US 5,122,614). 

In a still fnrfher aspect the invention relates to a method of increasing in vivo gjyoosylation 
of aparent IFNB polypeptide that comprises at least one in vivo glyoosylation site, wHch 
method comiprises 

i) sTibstitiiting an amino acid residue occupying a first position located dose to the in vivo 
glyco^lation site of the parent IFNB polypeptide with a second amino add residue to produce 

a variant IFNB polypeptide, 

ii) measuring the degree of glycosylation of the variant relative to that of the parent IFNB 
polypeptide as obtained from expression in a glycosylating host cell, under comparable 
conditions, 

iii) if necessary repeating step i) to substitute the second amino acid residue with a third 
amino add residue and/or to substitute an amino acid residue located in a second position dose 
to the glycosylation site with a second amino add residue and repeating step ii) of either the 
parent polypeptide or the variant polypeptide resulting from step i), 

steps i)-iii) bdng repeated until an increased in vivo glycosylation is obtained. 

The parent polypeptide may comprise a naturally-occurring or a non-naturally oocuiiing 
glycosylation sitei, and is e.g. a parent polypeptides as defined herein above. 
The amino add residue located close to a glycosylation site is, e.g., any of those identified in 
the present section. 

In a further aspect the invention relates to a glyoosylated variant of an interferon p 
poljrpeptide having an amino add sequence which differs fcom that of wild-lype human 
interferon p with the amino add sequence shown in SEQ ID KO 2 and comprising one of the 
following sets of mutations: 
DllOF; 
C17S+D110F; 
C17S+Q49N+Q51T; 
C17S+F111N+R113T; 
C17S+Q49N+Q51T+F1 1 1N+R113T; 
D110F+F111N+R113T; 
CI 7S+D1 1 0F+ Fll nsr+ Rl 13T; 
C17S+Q49N+ Q51T+D110F+F11 1N+R113T; 
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C17S+K19i^ 
C17S+K33R; 
C17S+K45R; 

C17S+K19R+K33R+K45R; or 

C17S+K19R+K33R+K45R+Q49N+ Q51T+D1 10F+ Fl 1 1N+ Rl 137, 

optionally comprising one or more polymets, eg one or more PEG molecules. 

Each of these sets of mutations is considered an individual embodiment, and may be the subject 

of a claim. 

In a specific aspect the invention relates to a glycosylated variant of an interferon p 
polypeptide having the amino add sequence: 

MSYNLLGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEIKQLQTStF 
TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETTVENLLAN VYHQINHLKT 
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYUKAKEYSH CAWTIVRVEI 
LRNFYFINRL TGYLRN, 

optionally comprising one or more polymers, eg one or more PEG molecules. 

In another specific aspect the invention relates to a glycosylated variant of an mtetferon 
P polypeptide having the amino add sequence: 

MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNFDI PEEIRQLQNF 
TECEDAALTTY EMLQMFAIF RQDSSSTGWN ETIVENLLAN VYHQINEILKT 
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI 
LRNFYTTORL TGYLRN, 

optionally comprisang one or more polymers, eg one or more PEG molecules. 

In one embodunent, the interferon molecule is glycosylated and PBGylated. In a fiirther 
embodiment, the interferon molecule is glycosylated. 

In a further embodiment the glycosylated interferon P polypeptide comprises one to five 
sugar moieties, such as one to three sugar moieties. When the interferon molecule is 
glycosylated it is preferably N-glycosylated. When the interferon molecule is glycosylated it 
usually comprises 1-5 sugar moieties, such as 1-3 sugar moieties. In a further embodiment, the 
interferon molecule is N-glycosylated, and comprises 1-5 sugar moieties, such as 1-3 sugar 
moieties. In a ftirfher embodiment, the interferon molecule is N-glyoosylated, and comprises 3 
sugar moieties. According to the specific aspects above, the interferon p polypeptide has three 
sugar moieties, that is in position N49, N80, and Nlll. 
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In a further embodiment the glycosylated interferon j3 polypeptide furiher cQiniirises a 
PEG molecule, in particular a 12kDa or 20kDa PEG, eg. mono-PEG 201cDa. When the 
interferon molecule is PEGylated it usually comprises 1-5 polyethylene glycol (PEG) 
molecules. In a further embodiment the interferon molecule comprises 1-5 PEG molecules, 
such as 1, 2 or 3 PEG molecules. In a further embodiment each PEG molecule has a molecular 
weight of about 5 IcDa (kilo Dalton) to 100 kDa. In a ftirther embodiment each PEG molecule 
has a molecular weight of about 10 kDa to 40 kDa. In a further embodiment each PEG 
molecule has a molecular weight of about 12 kDa. In a further embodiment each PEG molecule 
has a molecular weight of about 20 kDa. Preferably the interferon molecule comprises 1-3 PEG 
molecules each having a molecular weight of about 12 kDa, or 1 PEG molecule having a 
molecular weight of about 20 kDa. According to flie specific aspects above, in a particular 
embodiment, the interferon p polypeptide contains 1-3 12 kDa PEG molecules. According to 
the specific aspects above, in a particular embodiment, the interfraion P polypeptide contains 
one 20 kDa PEG molecxde. Suitable PEG molecules are available fiom Shearwater Polymers, 
Inc. and Enzon, Inc. and may be selected fiom SS-PEG, MPC-PEG, aldehyd-PEG, mPEG-SPA, 
mPEG-SCM, mPEG-BTC, SC-PEG, tresylated mPEG (US 5,880,255), or oxycaibonyl-oxy-N- 
dicarboxyimide-PEG (US 5,122,614). 

The glycosylated variants acccxding to this aspect are expressed recombinaiitly in a 
glycosylating host cell, preferably a mammalian host cell such as any of those mentioned in the 
section entitled "Coi5)ling to a sugar moiety". 

Preferably, the variant according to this aspect has retained most or all of the IFNB 
expression level (TU/ml) of the parent IFNB polypeptide. However, when the increase in 
glycosylation obtained by substitution of an amino add residue located close to a glycosylation 
site is very high a decrease in expression level may be acceptable as long as the overall 
performance of the variant is improved as compared to that of the parent IFNB polypeptide. 

It will be understood that the variants according to this aspect normally has any of the 
improved properties that are described for conjugates according to PCT/DKOO/00471, e.g. any 
of the improved properties desraibed further above in the section entitled "Conjugate of the 
invention according to PCT/DKOO/0047r'. 



Variants -with spedfic amino add sitbstitutions 
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la a further eaoibodimeiiit of the present invention the variant is one which comprises the 
mutation L98P relative to a parent IFNB molecule, in particular wild-type human IFNB with 
file amino acid sequence shown in SEQ E) NO 1 . The variant may comprise L98P as the only 
mutation, or may comprise additional mutations, e.g. any of the mutations described in any of 
file sections harein, the title of which starts with "Conjugate of the invention according to 
PCT/DKOO/00471 1 . or flie section entitled "VariaDts with incareased glycosylation". For 
instance the variant may comprise the following mutations: 
Q49N+Q51T+L98P+F1 11N+R113T 
C17S-H349N+Q51T+L98P+F1 1 IN+Rl 13T 

Further specific glycosylated variants of the invention include the following amino acid 
substitutions (related to SEQ ID NO 2): 
C17S+Q49N+Q51T+F11 1N+R113T 
S2N+N4T+C17S+Q51N+E53T 
S2N+N4T+C17S-K55 m+E53T+Fll 1N+R113T 

Further specific glycosylated variants of the invention include the following amino acid 
sxibstitutions (related to SEQ ID NO 2): 
S2N+N4T-h::17S+K19R+Q51N+E53T+K123R 
S2N+N4T+C17S+K19R+Q51N+E53T+F111N+R113T+K123R 
S2N+N4T+C17S+K19R+K45R-H351N+E53T+F1 1 IN+Rl 13T+K123R 
These variants are typically conjugated to a second non-polypeptide moiety, such as a polymer, 
e.g.PEG. 

It will be understood that the variants according to this aspect normally has any of the 
improved propesrties that are described for conjugates according to PCr/DKOO/00471, e.g. any 
of the improved properties described further above in the section entitled "Congugate of the 
invoitian aocordmg to PCr/DKOO/00471". 

Variants which are Jusion proteins 

In a further aspect the invention relates to a variant IFNB polypeptide whicii is a fusion protein 
comprising a) an IFNB polypeptide and b) a human serum albumin polypeptide (HSA). The 
variant IFNB polypeptide is, e.g., the polypeptide part of conjugate as described in 
PCT/DKOO/00471 or a ^ycosylated variant according to the present invention. 
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The HSA is, e.g,, wt human sesrum albumin or a ftagment or variant thereoj^ e.g. any of the 
human serum albumin fiagments disclosed in WO 97/24445. Fusion to human serum albumin is 
also described in WO 93/15199, WO 93/15200 and BP 413 622. 

The IFNB polypeptide and the human serum albumin part of the fusion protein may be 
directly linked or linked via a linker peptide, e.g. as disclosed in WO 97/24445. HSA may be 
linked to tiie C-terminal aid of the IFNB polypeptide or to the N-teraiinal end, optionally via a 
linker peptide. 

It is contemplated that ftision of an IFNB polypeptide to human serum albumin or a variant or 
fragment thereof results in an overall increased stability of the resulting fusion protein. 

It win be imderstood that the variants according to this aspect normally has any of the 
improved properties that are described for conjugates according to PCT/DKOO/00471, e.g. any 
of the improved properties described further above in the section entitled "Conjugate of the 
invention according to PCT/DKOO/00471 



Parts of flie disdosiire of pct/dkDO/00471 

Conjugal of the invention according to PCT/DKOQ/00471 

A first aspect of the invention according to PCrr/DKOO/00471 relates to a conjugate exhibiting 
IFNB activily and comprising at least one first non-polypeptide moiety oovalently attached to 
an IFNB polypeptide, the amino acid sequence of which differs from that of wildtype human 
IFNB in at least one introduced and at least one removed amino add residue comprising an 
attachment group for said first non-polypeptide moiety. 

By removing and/or introducing amioo acid residues oompiismg an attachment group 
for file non-polypeptide moiety it is possible to specifically adapt the polypeptide so as to make 
tile molecule more susceptible to conjugation to the non-polypeptide moiety of choice, to 
optimize the conjugation pattem (e.g. to ensure an optimal distribution of non-polypeptide 
moieties on the surfece of the IFNB molecule and thereby, e.g., effectively, shield epitopes and 
other surface parts of the polypeptide without significantiy impairing the function thereof). For 
instance, by introduction of attachment groups, the IFNB polypeptide is boosted or otherwise 
altered in the content of the specific amino acid residues to which the relevant non-polypeptide 
moiety binds, whereby a more effitaait, specific and/or exteosive conjugation is achieved. By 
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removal of one or laore attachment groups it is possible to avoid conjugation to the non- 
polyp^de nK)iety in parts of the polypeptide in which such conjugation, is disadvantageous, 
e.g. to an amino add residue located at or near a functional site of the polypeptide (since 
conjugation at such a site may result in inactivation or reduced IFHB activity of the resulting 
conjugate due to impaired receptor recognition). Further, it may be advantageous to remove an 
attachment group located closely to another attacihmeat group in order to avoid heterogeneous 
conjugation to such groups. 

It wiU be understood that the amino acid residue comprising an attachment group for a 
non-polypeptide moiety, either it be removed or introduced, is selected on the basis of the 
nature of the non-polypeptide moiety and, inmost instances, on the basis of the conjugation 
method to be used. For instance, when the non-polypeptide moiety is a polymer molecule, such 
as a polyethylene glycol or polyalkylene oxide derived molecule, amino acid residues capable 
of functioning as an attachment group may be selected from the group consisting of lysine, 
cysteine, aspartic acid, glutamic acid and argjnine. "When the non-polypeptide moiety is a sugar 
moiety the attadnnent group is an in vivo glycosylation site;, preferably an N-glycosylation site. 

Whenever an attachment groiq) fin: a non-polypeptide moiety is to be intioduced into or 
removed fiom the IFNB polypeptide in accordance with the invention described in 
PCT/DKOO/00471, the position of the IFNB polypeptide to be modified is conveoientiy selected 
as follows: 

The position is pre&rably located at the surface of the IFNB polypqitide, and more 
preferably occupied by an amino acid residue that has more than 25% of its side chain eaiposed 
to tiie solvent, preferably more thEtn 50% of its side chain exposed to the solvent Such positions 
have beea identified on the basis of an analysis of a 3D structure of the human IFNB molecule 
as described in the Methods section herein. 

Alternatively or additionally, the position to be modified is identified on the basis of an 
anal3^is of an IFNB protdn sequence family. More specifically, the position to be modified can 
be aas, which in one or more members of the family othier than the parent IFNB, is occupied by 
an amino add residue comprising the relevant attachment group (when such amino add residue 
is to be introduced) or which in the parent IFNB, but not in one or more otiier members of the 
family, is occupied by an amino add residue comprising the relevant attachment group (when 
such amino add residue is to be removed). 

In ordK- to detennuae an optimal distribution of attachment groups, the distance between 
amino acid residue located at tiie surface of the IFNB molecule is calculated on the basis of a 
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3D structure of the IFNB polypeptide. More specifically, the distance between the CB's of the 
amino acid residues comprising such attachment groups, or the distance between the fimctional 
group (NZ for lysine, CG for aspartic acid, CD for glutamic add, SG for cysteine) of one and 
the CB of another amino add residue comprising an attachment group are determined. In case 
of glycine, CA is used instead of CB. In the IFNB polypeptide part of a conjugate of the 
invention according to PCT/DKOO/00471, any of said distances is preferably more than 8 A, in 
particular more tiian lOA in order to avoid or reduce heterogeneous conjugation. 

Furthermore, in the IFNB polypeptide part of a conjugate of the invention according to 
PCT/DKOO/00471 attachment groups located at the receptor-binding site of IFNB has 
preferably been removed, preferably by substitatiou of the amino add residue compiisiiig such 
group. 

A still further generally applicable approach for modifying an IFNB polypeptide is to 
shield, and thereby destroy or otherwise inactivate an epitope presait in the parent IFNB, by 
conjugation to a non-polypeptide moiety. Epitopes of human IFNB may be identified by -use of 
methods known in the art, also Isnown as epitope mapping, see, e.g. Romagnoli et al., J. Biol 
Chem, 1999, 380(5):553-9, DeLisser HM, Methods Mol Biol, 1999, 96:1 1-20, Van de Water et 
at, Clin Immunol Lnmunopafhol, 1997, 85(3):229-35, Saint-Remy JM, Toxicology, 1997, 
1 19(1):77-81, and Lane DP and Stephen CW, Cmr Opin Immunol, 1993, 5(2):268-71. One 
method is to establish a phage display library expressing random oligopqptides of &g. 9 amino 
add residues. IgGl antibodies ftom specific antisera towards human IFNB are purified by 
immunopredpitatiQn and the reactive phages are identified by immunoblotting. By sequencing 
the DNA of the purified reactive phages, the sequence of the oligopeptide can be detemained 
followed by localization of the sequemce on the 3D-structure of the IFNB. Altemalivdy, 
epitopes can be idcaitified according to the method described in US 5,041,376. The thereby 
identified region on the structure constitutes an epitope that then can be selected as a target 
region for introduction of an attadraient group for the non-polypeptide moiety. PreferEibly, at 
least one epitope, sudi as two, three or four epitopes of human recombinant TPNB (optionally 
comprising the CI 7S mutation) are shielded by a non-polypeptide moiety according to the 
invention described in PCT/DKOO/00471. Accordingly, in one embodiment, the conjugate of 
the invention according to PCT/DKOO/00471 has at least one shielded epitope as compared to 
wild type human WbfB, optionally comprising the C17S mutation, including any commerdally 
available IFNB. Preferably, the conjugate of the invention according to PCr/DKOO/00471 
comprises a polypeptide that is modified so as to shield the epitope located in the vicinity of 
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amino add residue Q49 and/or Fill, This may be done by introduction of an attaidmient group 
for a non-polypeptide moiety into a position located in the vicinity of (i.e. within 4 amino add 
residues in the primary sequence or within about lOA in the tertiary sequence) of Q49 and/or 
Fl 1 1. The 1 OA distance is measured betvireen CB's (CA's in case of glycine). Such spedfic 
introdtKjtions are described in the following sections. ■ 

In case of removal of an attachment group, the relevant amino add residue comprising 
such group and occupying a position as defined above is preferably substituted with a different 
amino add residue that does not coEapiise an attachment group for the non-polypeptide moiety 
in question. 

In case of introduction of an attachment group, an amino add residue comprising sucb 
^oup is introduced into the position, preferably by substitution of the amino add residue 
occupying such, position. 

The exact number of attachment groups available for conjugation and present in the' 
IFNB polypeptide is dependent on the effect desired to be achieved by conjugation. The effect 
to be obtained is, e.g., dependent on the nature and degree of conjugation (e.g. the identity of 
the non-polypeptide moiety, the number of non-polypeptide moieties desirable or possible to 
conjugate to the polypeptide, where they should be conjugated or where conjugation sihould be 
avoided, etc.). For instance, if reduced immunogenicity is desired, the number (and location of) 
attacbmeait groups sihould be sufGdent to shield most or all epitopes. This is nomnally obtained 
when a greater proportion of fhe IFNB polypeptide is shielded. Endive shidding of epitopes 
is normally achieved -wbeii fhe total number of attachment groins available for conjugation is in 
the range of 1-10 attachment groups, in particular in fhe range of 2-8, such as 3-7. 

Functional in vivo half-lifb is i.a. dependent on fhe molecular wdgjht of the conjugate 
and the number of attadiment groups needed for providing increased half-life Ihus depends on 
the molecular wdght of fhe non-polypeptide moiety in question. In one embodiment, the 
conjugate of the invention according to PCT/DKOO/00471 has a molecular wdght of at least 67 
kDa, ia particular at least 70 kDa as measured by SDS-PAGE according to Laemmli, U.K., 
Nature Vol 227 (1970), p680-85. IFNB has a molecular wdght of about 20 KDa, and therefore 
additional about 50kDa is required to obtain fhe desired effect This may be, e.g., be provided 
by 5, 1 0, 12, or 20kDa PEG molecules or as otherwise desraibed herean. 

In order to avoid too much disruption of the structure and function of the parent human 
IFNB molecule the total number of amino add residues to be altered in accordance with fhe 
invention according to PCT/DKOO/00471 (as compared to fhe ammo add sequence shown in 
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SEQ ID NO 2) typically does not exceed 1 5. Preferably, the IFNB polypeptide comprises an 
aoiino add sequence, which differs in 1-1 S amino acid residues fiom fiie amino add sequence 
shown in SEQ ID NO 2, such as in 1-8 or in 2-8 amino add residues, e.g. in 1-5 or in 2-5 amino 
add residues from the anmo add sequence shown in SEQ ID NO 2. Thus, normally the IFNB 

5 polypeptide comprises an amino add sequence fliat differs from the amino add sequence 
shown in SEQ ID NO 2 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino add residues. 
Preferably, the above numbers represent dthra- the total number of introduced or the total 
number of removed amino add residues comprising an attachment group for the rdevant non- 
polypeptide moiety, or the total number of introduced and removed amino add residues 

10 comprising such group. 

In the conjugate of the invention according to PCT/DKOO/00471 it is preferred that at 
least about 50% of all conjugatable attachment groups, such as at least about 80% and 
preferably aU of such groups are occupied by the relevant non-polypeptide moiefy. 
Accordingly, in a preferred embodiment the conjugate of the invention according to 

15 PCT/DKOO/00471 comprises, e.g., 1-10 non-polypeptide moieties, such as 2-8 or 3-6. 

The conjugate of the invesntion according to PCT/DKOO/00471 has one or more of the 
following improved properties (determined under comparable conditions): 

Reduced immunogenidty as compared to wild-lype human IFNB (e.g. Avonex or 
Rebif) or to Betaseron, e.g. a reduction of at least 25%, sudi as at least 50%, and more 

20 preferably at least 75%; 

Increased functional in vivo half-life and/or increased serum half-life as compared to 
wild-type human IFNB (e.g. Avoneat or Rebif) or to Betaseron; 

Reduced or no reaction with neutralizing antibodies from patients treated with wildtype 
human IFNB (e.g. Rebif or Avonex) or with B^aseron, e.g. a reduction of neutralisation of at 

25 least 25%, such as of at least 50%, and preferably of at least 75% as compared to the wildtype 
humanlFNB. 

The magnitude of the antiviral activity of a conjugate of the invention according to 
PCT/DKOO/00471 may not be critical, and thus be reduced (e,g. by up to 75%) or increased 
(e.g. by at least 5%) or equal to that of wild-type human IFNB ((e.g. Avonex or Rebif) or to 
30 Betaseron as determined under coniparable conditions. 

Furthermore, the degree of antiviral activity as compared to antiprolifsative activity of 
a conjugate of the invention according to PCT/DKOO/00471 may vary, and thus be higher, 
lower or equal to that of wildtype human IFNB. 



wo 02/074806 



30 



PCTmK02/00128 



ConjugcUe of^ invention according to PCr/DK00/(H)471, -wherein the non-pofypeptide moiety 
is a molecule that has lysine as an attachment groip 

In a preferred aspect of the invedilion according to PCTyl>K00/00471 the first non- 
polypeptide moiety has lysine as an attacbment group, and tfanis the IFNB polyp^tide is one 
that comprises an amino acid sequence that diflBsrs fiom that of wildtype human IFNB in at 
least one introduced and/or at least one removed lysine residue. While the non-polypeptide 
moiety may be any of those binding to a lysine residue, e.g. the s-amino group thereo:^ such as 
a polymer molecule, a lipophilic group, an organic derivatizing agent or a carbohydrate moiety, 
it is preferably any of the polymer molecule mentioned in Hhe section entitled "Conjugation to a 
polymer molecule", in particular a branched or linear PEG or polyalkylene oxide. Most 
preferably, the polymer molecule is PEG and the activated molecule to be used for conjugation 
is SS-PEG, NPC-PEG, aldehyd-PEG, mPEG-SPA, mPEG-SCM, mPEG-BTC fiom Shearwater 
Polymers, Jrc, SC-PEG fi'om Enzon, Inc., tresylated mPEG as described in US 5,880,255, or 
oxycarbonyl-oxy-N-dicarboxyimide-PEG (US 5,122,614). Normally, for conjugation to a lysine 
residue the non-polypq)tide moiety has a molecular weight of about 5, 1 0, 12 or 20 kDa. 

In one embodimait of the invention according to PCT/DKOO/00471 the amino add 
sequence of the IFNB polypeptide difiBsrs from that of human wildtype IFNB in at least one 
removed lysine residue^ such as 1-5 removed lysine residues, in particular 1-4 or 1-3 removed 
lysine residues. The lysine residue(s) to be removed, preferably by replacement, is selected 
from the group consisting of K19, K33, K45, K52, K99, K105, K108, K115, K123, K134, and 
K136. The lysine residue(s) may be replaced with any otha- amino acid residue^ but is 
preferably replaced by an argintne or a giutamine residue in order to give rise to flie least 
structural difference. In particular, the polypeptide part maybe one^ 'wherein K19, K45, K52 
and/or K123, preferably K19, K45 and/or K123 has/have been replaced with another any other 
amino add residue, preferably aiginine or ^utamine. For instance^ the IFNB pol3^q)tide part 
of a conjugate of the invention according to PCT/DKOO/00471 comprises a combination of 
amino add snbstitations selected from the following list: 
K19R+K45R+K123R; 
K19Q+K45R+K123R; 
K19R+K45Q+K123R; 
K19R+K45R+K123Q; 
K19Q+K45QfK123I^ 
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K19R+K45Q+K123Q; 

K19Q+K45R+K123Q; 

K19Q+K45(^K123Q; 

K45R+K123R; 

K45QfK123R; 

K45Q+K123Q; 

K45R+K123Q; 

K19R+K123R; 

K19QfK123R; 

K19R+K123Q; 

K19Q+K123Q; 

K19R+K45R; 

K19Q+K45R; 

K19R+K45Q; or 

K19Q+K45Q. 

In addition or alternatively to the amino acid substitutions mentioned in the above list 
the polypeptide part may comprise at least one substitution selected from the group consisting 
of K33R, K33Q, Bt52R, K52Q, K99R, K99Q, K105R, K105Q, K108R, K108Q, K115R, 
K115Q,K134R, K134Q, K136R,andK136Q,e.g. at least one ofthe following substitutions: 
K52R+K134R; 
K99R+K136R; 
K33R+X105R+K136R; 
K52R+K108R+K134R; 
K99R+K115R+K136R; 
K19R+K33R+K45R+K123R; 
K19R+K45R+K52R+K123R; 
K19R+K33R+K45R+K52R+K123R; or 
K19R+K45R+K52R+K99R+K123R. 

In a further embodiment ofthe invention according to PCT/DKDO/00471 the amino add 
seqiiOTce of the IFNB polypeptide differs fiom that shown in SEQ ID NO 2 in that a lysine 
residue has been introduced by substitution of at least one amino acid residue occupyiog a 
position that in the parent IFNB molecule is occupied by a sorfece exposed amino acid residue, 
preferably an amino acid residue having at least 25%, such as at least 50% of its side chain 
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exposed to the surfece. Preferably, the amino add residue to be siibstibited is selected firam the 
group consisting of N4, F8, L9, Rll, S12, F15, Q16, Q18, L20, W22, Q23, G26, R27, L28, 
E29, Y30, L32, R35, M36, N37, D39, P41, E42, E43, L47, Q48, Q49, T58, Q64, N65, F67, 
A68, R71, Q72, D73, S75, S76, G78, N80, E81, 183, ESS, N86, A89, N90, Y92, H93, H97, 
5 TlOO, LI 02, El 03, LI 06, El 07, El 09, Dl 10, Fl 1 1, Rl 13, Gl 14, LI 16, M117, L120, H121, 
R124, G127, R128, L130, H131, E137, Y138, HMO, 1145, R147, V148, E149,R152, Y155, 
F156, N158, R159, G162, Y163, R165 andN166 of SEQ ID NO 2. 

More preferably, the amiao acid sequence of the IF>3B polypeptide differs ■Scorn the 
amino acid sequence shown in SEQ ID NO 2 in that a lysine residue has been introduced, by 

1 0 substitution, of at least one amino acid residue occupying a position selected fom the group 
consisting of N4, F8, L9, Rll, S12, G26, R27, E29, R35, N37, D39, E42, L47, Q48, Q49, A68, 
R71, Q72, D73, S75, G78, N80, E85,N86, A89, Y92, H93, DUO, Fill, R113, L116,H121, 
R124, G127, R128, R147, V148, Y155, N158, R159, G162 and R165, even more preferably 
sdected fiom the group consisting of N4, Rll, G26, R27, Q48, Q49, R71, D73, S75, N80, E85, 

15 A89, Y92, H93, Fl 1 1, R113, L116, R124, G127, R128, Y155, N158 and G162, and most 
preferably selected ftom the group consisting of Rll, Q49, R71, S75, N80, ESS, A89, H93, 
F111,R113, L116 andYlSS, andmost preferably Q49and Fill. 

In accordance with this embodiment of the inveardon according to PCT/DKOO/00471, 
the IFNB polypeptide conttprises a sitbstitation to lysine in one or more of the above positions, 

20 in particular m 1-15, such as 1-8 or 1-5, and preferably in at least two positbns, such as 2-8 or 
2-5 positions. 

In a further embodiment of the invention according to PCT/DKOO/00471 the amino add 
sequence of the IFNB polypeptide part of a conjugate differs in at least one lemoved and at 
least one introduced lysine residue, such as 1-5 ot 2-5 removed lysine residues and 1-5 or 2-5 
25 introduced lysine residues. It will be understood that the lysine residues to be removed and 
introduced preferably are selected fiom those described in the present section. 

In accordance with this embodiment of the invention according to PCT/DKOO/00471, 
the total number of conjugatable lysine residues is preferably in the range of 1-10, such as 2-8 
or 3-7. 

30 For instance, the IFNB polypeptide part of the conjugate according to this eanbodiment 

of the invention according to PCT/DKOO/00471 may comprise at least one of the following 
substitutions: RllK, Q48K, Q49K, R71K, S75K,N80K, E85K, A89K, H93K, FlllK, RUSK, 
LI 16K and Y155K; more preferably Rl IK, Q49K, R71K, S75K, N80K, E85K, A89K, H93K, 



wo 02/074806 



33 



PCT/DK02/00128 



F111K,R113K,L116K and Yl 55K, in conoibination with at least one of the substitutions: 

K19R/Q K33R/Q K45BJQ, K52R/Q, K99RA3, K105R/Q, K108R/Q, K115R/Q, K123R/Q, 

K134RJQ, and K136R/Q, wherein R/Q indicates substitution to an R or a Q residue, preferably 

an R residue. More preferably, the IFNB polypeptide comprises at least one of the following 

substitutions Rl IK, Q49K, R71K, S75K, N80K, E85K, A89K, H93K, Fll IK, Rll 3K, L116K 

and Yl 55K, m particular Q49K, F 1 1 IK and/or N8 OK, in combination with substitution of at 

least one of K19, K45, K52 and/or K123, preferably to an R or a Q residue. In particular, tiie 

IFNB polypeptide comprises at least one of flie substitutions Q49K, Fl IIK and N80K in 

combination with at least one of the substitutions maationed above for removal of a lysine 

residue. For instance, Uie IFNB polypeptide may comprise the following substitutions: 

Y+Z+K19R+K45R+K123R; 

Y+Z+K19Q+K45R+K123R; 

Y+Z+K19R+K45QfK123R; 

Y+Z+K19R+K45R+K123Q; 

Y+Z+K19Q+K45Q+K123R; 

Y+Z+K19R+K45QfK123Q; 

Y+Z+K19Q+K45R+K123Q; 

Y+Z+K19QfK:45Q+K123Q; 

Y+Z+K45R+K123R; 

Y+Z+K45Q+K123R; 

Y+Z+K45Q+K123Q; 

Y+Z+K45R+K123Q; 

Y+Z+K19R+K123R; 

Y+Z+K19Q+K123R; 

Y+Z+K19R+K123Q; 

Y+Z+K19Q+K123Q; 

Y+Z4-K19R+K45R; 

Y+Z+K19Q+K45R; ' 

Y+Z+K19R+K45Q; or 

Y+Z+K19Q+K45Q, wherein Y is selected from the group of Q49K, FlllK, N80K, 
Q49K+F1UK, Q49K+N80K, FlllK+N80Kand Q49K+F111K+N80K andZis absent or 
comprises at least one substitution selected from the group consisting of K33R, K33Q, K52R, 
K52Q, K99R, K99Q. K105R, K105Q, K108R, K108Q, K115R, Kl 15Q. K134R, K134Q, 
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K136R, and K136Q. Preferably, the IFNB polypeptide comprises the following substitution 
Y+Z+K19R+K45Q+K123R, wherein Y and Z have Hhe above meaning. 

More specifically, according to this embodiment of ttie invention according to 
PCT/DKOO/00471 the DFNB polypqptide may comprise one of the following substitutions: 
K19R+K45R+F111K+K123R; 
K19R+K45R+Q49K+F1 1 1K+K123R; 
K19R+K45R+Q49K+K123R; 
K19R+K45R+F111K; 
K19R+K45R+Q49K+F1 IIK; 
K19R+Q49K+K123R; 
K19R+Q49K+F1 11K+K123R; 
K45Q+F111K+K123Q; 
K45R+Q49K+K123R; or 
K45R+Q49K+F1 nK+K123R. 

Especially for ejipression in a non-glycosylating host such as E. coli the IFNB 
polypeptide may contain the substitution N80K or C17S+N80K, optionally ia combination with 
one or more of K19R/Q; K45R/Q; K52R/Q or K123R/Q. The substitution N80K is of particular 
interest, when the IFNB polypeptide is expressed in a non-glycosylating host cell, since N80 
constitutes part of an inherent glyoosylation site of human IFI^ and ccnjugadon at such site 
may mimick natural glyoosylation. 

Furfhfiimore, it is prefetred that the conjugate according to this aspect of the invention 
according to PCTyDKOO/00471 comprises at least two first non-polypeptide moieties, such as 2- 
8 moieties. 

Conjugate qf^ invention according to PCT/DKOO/00471 wherein the non-polypeptide moiety 
binds to a cysteine residue 

In a still further aspect, the invention according to PCT/DKOO/00471 relates a conjugate 
exhibiting IFNB activity and comprising at least one first non-polypeptide conjugated to at least 
one cysteine residue of an IFNB polypeptide, the amino add seqpience of which differs from 
that of wildtype human IFNB in that at least one cysteine residue has been introduced, 
prefererably by substitution, into a position that in the parent IFNB molecule is occupied by an' 
amino acid residue that is exposed to the surfece of the molecule, preferably one that has at 
least 25%, sudi as at least 50% of its side diain ejcposed to the surfece. For instance^ the amino 
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acid residue is sdected ftom the group consisting of F8, L9, Rl 1, S12, F15, Q16, Ql 8, L20, 
■W22, L28, L32, M36, P41, T58, Q64, N65, F67, 183, ESS, N86, A89, N90, Y92, H93, H97, 
TlOO, L102, E103, L106, Ml 17, L120, H121, R124, G127, R128, L130, H131, HMO, 1145, 
R147, V148, E149, R152, Y155, and F156 of SEQ ID NO 2. 

Additionally or alteaaiativdy, the substitution is preferably performed at a position 
occupied by a threonine or serine residue. For instance, such position is selected firorti the groi^ 
consisting of S2, S12, S13, T58, S74, S75, S76,T77, T82, TlOO, T112, SI 18, SI 19, S139, 
T144, and T161, more preferably S2, S12, S13, S74, S75, S76, T77, T82, TlOO, Tl 12, SU8, 
S119, S139, and T144 (side chain surface exposed), still more preferably S2, S12, S75, S76, 
T82, TlOO, S119 and S139 (at least 25% of its side chain exposed), and even more preferably 
S 12, S75, T82 and Tl 00 (at least 50% of ite side chain exposed). 

Of the above threonine or serine substitutions, serine substitutions are preferred. 
Accordingly, in even more preferred embodiments of the invention according to 
PCT/DKOO/00471, the position is selected &om. the group consisting of S2, S12, S13, S74, S75, 
S76, S118, S1I9 and S139, more preferably S2, S12, S13, S74, S75, S76, S118, S119 and 
S139, even more preferably S2, S12, S75, S76, SI 19 and S139, and still more prefisrably S12 
and S75. 

In one embodiment, only one cysteine residue is introduced into the IFNB polypeptide 
in order to avoid fbimalion of disulphide bridges between two or more introduced cysteine 
residues. In this connection C17 present in wildtype Iruman IFNB may be removed, preferably 
by substitution, in parttcular by substitution with S or A. In another embodiment, two or more 
cystrane residues are introduced, such as 2-6 or 2-4 cysteine residues. Preferably, the IFNB 
polypeiptide part of the conjugate according to this embodiment of the invention according to 
PCT/DKOQ/00471 conges thenmtationL47C, Q48C, Q49C, DllOC, FlllC or R113C, in 
particular only one of these mutations, optionally in combination with the mutation C17S. Also, 
the IFNB polypeptide may comprise the substitution C17S+N80C 

While the first non-polypeptide moiely according to this aspect of the invention 
according to PCT/DKOO/00471 may be any molecule which, vibm using the given ootyugation 
method has cysteioe as an attachment groap (sudi as a carbohydrate moiety, a lipophilic group 
or an organic derivatizing agent), it is preferred tixat the non-polypeptide moiety is a polymer 
molecule. The polymer molecule may be any of the molecules mentioned in the section entitled 
"Conjugation to a polymer molecule", but is preferably selected from the group consisting of 
linear or brandied polyethylene glycol orpolyalkylene oxide. Most preferably, the polymer 
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molecule is VS-PEG. The conjugation between the polypeptide and the polymer may be 
achieved in any suitable manner, e.g. as described in the section entitled "Conjugation to a 
polymra: molecule", e.g. in using a. one step method or in the stepwise manner referred to in said 
section. "Wheai the IFNB polypeptide comprises only one conjugatable cysteine residue, this is 
preferably conjugated to a first non-polypeptide moiety with a molecular weight of at least 
20kDa, either directly conjugated or indirectly through a low molecular weight polymer (as 
disclosed in WO 99/55377). "When the coiyugate comprises two or more first non-polypeptide 
moieties, normally each of these has a molecular weight of 5 or lOkDa. 

Conjugate of the invention according to PCr/DKOQ/00471 -wherein the non-pofypeptide moiety 
binds to an acid group 

In a still further aspect the invention according to PCT/DKOO/00471 relates to a 
conjugate exhibiting IFNB activity and comprising at least one first non-polypeptide moiely 
having an acid group as the attachment group, which moiety is ccmjugated to at least one 
aspartic add residue or one glutamic add residue of an IFNB polypeptide, the amino add 
sequence of which differs fi-om that of wildtype human IFNB in at least one introduced and/or 
at least one removed aspartic add or glutamic add residue, respectively. The relevant amino 
add residue may be introduced in any position occiqjied by a surface exposed amino add 
residue, preferably by an amino add residue laving more than 25% of its side chain surface 
exposed. Pieferably, at least one amino acid residue occupying a position selected from the 
group consisting of N4, L5, L6, F8, L9, QIO, Rll, S12, S13, F15, Q16, Q18, K19, L20, W22, 
Q23, L24, N25, G26, R27, Y30, M36, Q46, Q48, Q49, 166, F67, A68, 169, F70, R71, S75, T82, 
183, L87, A89, N90, V91, Y92, H93, Q94,.I95, N96, H97, K108, Fill, LI 16, L120, K123, 
R124, Y126, G127, R128, L130, H131, Y132, K134, A135, H140, T144, R147, Y155, F156, 
N158,R159, G162, Y163 and R165 has been substituted with an aspartic add residue ora 
glutamic acid residue. 

More preferably, the position is selected fix)m the group consisting of N4, L5, F8, L9, " 
Rl 1, S12, F15, Q16, Q18, K19, W22, Q23, G26, R27, Y30, M36, Q46, Q48, Q49, A68, R71, 
S75, T82, A89, N90, Y92, H93, N96, H97, K108, Fll 1, LI 16, L120, K123, R124, G127, 
R128, L130, H131, K134, A135, H140, Y155, N158, R159, G162, Y163 andR165, such as 
fiom the group consisting of N4, L5, F8, S12, F15, Q16, K19, W22, Q23, R27, Y30, M36, Q46, 
Q48, Q49, R71, S75, T82, A89, Y92, H93, K108, Fill, L116, K123, R124, Gi27, H131, 
K134, A135, Y155 and R165, stiE more preferably fix>m the grov?» consisting of N4, L5, F8, 
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S12, F15, Q16, K19, W22, Q23, R27, Y30, Q46, Q48, Q49, S75, T82, A89, Y92, H93, K108, 
Fill, L116, R124, G127, H131, K134, Y155 andR165, such as from the groiip consisting of 
L5, F8, S12, F15, Q16, K19, W22, Q23, Q48, Q49, Y92, H93, R124, G127, H131 and Y155, 
even more preferably from the group consisting of S12, Q16, K19, Q23, Q48, Q49, Y92, H93, 
R124, G127, H131 and Y155, such as from &e group consisting of S12, Q16, K19, Q23, Q48, 
Y92, H93, R124, GI27, H131 and Y155, in particular fit>m the group consisting of SI 2, Q16, 
K19, Q23 , Q48, H93 and H13 1 , even more preferably from the groi^ consisting of S 1 2, Ql 6, 
K19, Q48, H93 and H131, and most preferably from the group consisting of Q16 and Q48. 

Fiartfaennore, in order to obtain a sufiSdent number of non-polypeptide moieties it is 
preferred that at least two aspartic acid residues or at least two glutamic add residues be 
introduced, preferably in two positions sdected from any of the above lists. Also, it is preferred 
that the conjugate according to this aspect of the invention according to PCT/DKOO/00471 
comprises at least two first non-polypeptide moieties. 

In case of removal of an amino add residue, the amino add sequence of the IFNB 
polypeptide differs from fbat of human wildtype IFNB in at least one removed aspartic add or 
glutamic add residue, such as 1-5 removed residues, in particular 1-4 or 1-3 removed aspartic 
add or gtutamic add residues. The residue(s) to be removed, preferably by replacement, is 
selected from the group consisting of D34, D39, D54, D73, DllO, E29, E42, E43, E53, E61, 
E81, E85, El 03, E104, El 07, El 09, E137 and El 49. The aspartic acid or glutamic add 
residue(s) may be replaced with any other amino add residue, but is preferably replaced by an 
arginine or a glutamine residue. While the first non-polypeptide moiety can be any nom- 
polypeptide moiety with such property, it is presently prefeired that the non-polypeptide moiety 
is a polymer molecule or an organic decivatizing agent having an add group as an attachment 
group, in particular a polymer molecule such as PEG, and the conjugate is prepared, e.g., as 
described by Sakane and'Pardridge, Pharmoeutical Research, VoL 14, No. 8, 1997, pp 1085- 
1 091 . Normally, feir conjugation to an add group the non-polypeptide moiety has a molecular 
wdght of about 5 or 10 kDa. 

Conjugate cftke invention according to PCT/DK00A)0471 comprising a second non- 
polypeptide moiety 

In addition to a first non-polypq)tide moiety (as described in the preceding sections), the 
conjugate of the invention according to PCnVDKOO/00471 may comprise a second non- 
polypqptide moiety of a different type as compared to the first non-polypeptide moidy. 
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Preferably, in any of iiie above described conjugates whexein the fiist non-polypeptide moiety 
is, e.g., a polymer molecule such as PEG, a second non- polypeptide moiety is a sugar moiety, 
in particular an N-linked sugar moiety. While the second non-polypqptide moiety may be 
attached to a natural glycosylation site of human IFNB, e.g. the N-linked glycosylation site 
defined by N80, it is noimally advantageous to introduce at least one additional glycosylation 
site in the IFNB polypeptide. Such site is e.g. any of those described in the immediately 
subsequent section entitled "Conjugate of the invention according to PCT/DKOO/00471 wherein 
the non-polypeptide moiety is a sugar moiety". Furthermore, in case at least one additional 
glycosylation site is introduced this may be accompanied by removal of an existing 
glycosylation site as described below. 

It wiU be understood that in order to obtain an optimal distribution of attached first and 
second non-polypeptide moieties, the IFNB polypeptide may be modified in the number and 
distribution of attachment groups for the first as well as the second non-polypeptide moiety so 
as to have e.g. at least one removed attachment group for the first non-polypeptide moiefy and 
at least one introduced attachment group for the second non-polypeptide moiety or vice versa. 
For instance, the IFNB polypeptide comprise at least two (e.g. 2-5) removed attachment 
groups for the first non-pdypeptide moiety and at least one (e.g. 1-5) introduced attachment 
groups for flie second non-polypeptide moiety or vice versa. 

Of particular interest is a conjugate whearein the first non-polypeptide moiety is a 
polymer molecule such as PEG having lysine as an attachment group, and the second noh- 
polypeptide moiety is an N-linked sugar moiety. 

More specifically, the conjugate of the invention according to PCT/DKOO/00471 maybe 
one esxMbiting IFNB activity and oonprising at least one polymer molecule^ preferably PEG, 
and at least one sugar moiety covalentiy attadbied to an IFNB polypeptide, fiie amino add 
sequence of which differa from that of wild-type human IFNB in 

a) at least one introduced and/or at least one removed amino add residue comprising an 
attachment group for the polymea: molecule; and 

b) at least one introduced and/or at least one removed in vivo glycosylation site, in particular an 
N-glyoosylation site. 

Ill a specific embodiment, the IFNB polypeptide comprises one of the following sets of 

mutations: 

K19R+K45R+Q49N+Q51T+F1 IIN+Rl 13T+K123R; 
K19R+K45R+Q49N+Q51T+F1 11N+R113T; or 
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K19R+K45R+Q49N+Q51T+ K123R. 

Conjugate of the invention according to PCT/DK0O/O047I wherein the non-pofypeptide moiety 
is a sugar moiety 

When the conjugate of tibie invention according to PCT/DKOO/00471 comprises at 
least one sugar moiety attached to an in vivo glycosylation site, in particular an N-glycosylation 
site, this is either the natural N-glycosylation site of wild-type human IFNB at position N80, i.e. 
defined by amino acid residues N80, E8 1 , T82 and 183, or a new in vivo glycosylation site 
introduced into the IFNB polypeptide. The in vivo glycosylation site may be an 0-glycosylation 
site, but is preferably an N-glyoosylation site. 

More specifically, one aspect the invention according to PCT/DKOO/00471 relates to a 
conjugate exhibiting IFNB activity and comprising an IFNB polypeptide, the amino acid 
sequence of wMdi difiEers fixmi that of wild-type human IFKB in at least one introduced 
gjljrcosylatioii site, the conjugate fuiiher comprising at least one un-PEGylated sugar moiety 
attached to an introduced glycosylation site. 

In anolher affpect fhs invention according to I*Cr/DK00/00471 relates to a 
conjugate exhibiting IFNB activity and comprising an IFNB polypeptide, the amino add 
sequence of which differs fiom that of wild-type human IFNB in that a glycosylation site has 
been introduced or removed. 

For instance, an in vivo glycosylation site is introduced into a position of the parent 
IFNB molecule occipied by an amino add residue exposed to the surface of the molecule^ 
pieferably wifb more than 25% of the side chain exposed to the solvent, in particular more than 
50% exposed to the solvent (these positions are identified in the Methods section herein). The 
N-glycosylation site is introduced in such a way that the N-residue of said site is located in said 
position. Analogously, an 0-glycosylation site is introduced so that the S or T residue making 
up such site is located in said position. Furthennorei, in order to ensare ef&dent glycosylation it 
is preferred that the in vivo glycosylation sitei, in particular the N residue of the N-glycosylation 
site or the S or T residue of the O-glycosylation site, is located within the first 141 amino acid 
residues of the IFNB polypeptide, more preferably within the first 116 amino add residues. Still 
more preferably, the in vivo glycosylation site is introduced into a position wharein only one 
mutation is required to create the site (i.e, where any other amino add residues required for 
creating a functional ^ycosylation site is already present in the molecule). 
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Substitations fhat lead to introduction of an additional N-glycosylation site at 
positions exposed at fhe surface of the IFNB molecade and occupied by amino add residues 
having more than 25% of the side chain exposed to the sui&ce include: 
S2N+N4S/T, L6S/T, L5N+G7S/T, F8N+Q10S/T, L9N+R11S/T, Rl IN, Rl 1N+S13T, 

5 S12N+N14S/T, F15N+C17S/T, Q16N+Q18S/T, Q18N+L20S;r, K19N+L21SyT, 
W22N+L24S^, Q23N+H25S/r, G26N+L28S/T, R27N+E29SyT, L28S+Y30OT, 
Y30N-!-L32S/r, L32N+D34S/T, K33N+R35S/T, R35N4-N37S/r, M36N+F38S/r, D39S/T, 
D39N+P41SAr, E42N+I44S/r, Q43N+K45S/T, K45N+L47S/r, Q46N+Q48S/T, 
L47N+Q49T/S, Q48N+F50Sn', Q49N+Q51S/r, Q51N+E53S/r, K52N+D54S/r, 

10 L57N+I59S/T, Q64N+I66S/T, A68N+F70S/r, R71N+D73S/r, Q72N, Q72N+S74T, D73N, 
D73N+S75T, S75N+T77S, S75N, S76N+G78S/T, E81N+I83S/T, T82N+V84S/T, 
E85N+L87SA', LSSS/T, A89N+V91S/r, Y92S/T, Y92N+Q94S/r, H93N+I95SAr, L98S/r, 
H97N+K99S/T, K99N+V101S/T, T100N+L102S/T, E103N+K105S/r, E104N+L106SAr, 
K105N+E107S/T,E107N+E109S;r, KlGSN+DllOS/T, B109N4-FlllS/r, D110N+T112S, 

15 Dl ION, Fl 1 IN+Rl 13S^, Rl ISN+KllSSn*, Gl 14N+L1 leSA", Kl 15N+M1 nS/T, LI 16N, 
L116N+S118T, S119N+H212S^,L120N+L122S/r, H121N+K123S/T, K123N+Y125S/T, 
R124N+Y126SAr, G127N+I129S^, R128N+L130S/T, L130N+Y132S/T, H131N+L133S/r, 
K134N+K136Srr, A135N+E137S/T, K136N+Y138S/r, E137N, Y138N+H140S/T, 
H140N+A142SyT, V148N+I150S/T, R152N+F154S/r, Y155N+I157SiT, L160S/T, 

20 R159N+T161S,R159N,G162N+L164S/T,andY163N+R165SA'. 

Substitutions tiiat lead to introduction of an additional N-glycosylalion site at 
positions exposed at the sur&ce of the IFNB molecule having more than 50% of tihe side chain 
exposed to the surface include: 

L6S/r, L5N+G7S/T, F8N+Q10S/T, L9N+R11S/T, S12N+N14S/T, F15N+C17S/r, 
25 Q16N+Q18S/r, K19N+L21S/r, W22N+L24S/T, Q23N+H25S/r, G26N+L28S/T, 

R27N+E29S/T, Y30N+L32S/r, EC33N+R35SyT, R35N+N37S/T, M36N+F38S/T, D39Sn:, 
D39N+P41S/T, E42N+I44S/r, Q46N+Q4«S/T, Q48N+F50S/T, Q49N+Q51S/r, 
Q51N+E53S/T, K52N+D54S/T, L57N+I59S/r, R71N+r>73S/r, D73N, D73N+S75T, 
S75N+T77S, S75N, S76NK}78Sn:, E81N-M83SyT, T82N+V84S/r, E85N+L87S/T, 
30 A89N+V91S/r, Y92S/T, Y92N+Q94S/r, H93N+I95S/T, T100N+L102S/T, E103N+K105S/T, 
E104N-!-L106SyT, E107N+E109S/T, K108N+D110SyT, D110N+T112S, DllON, 
Fl llN+R113S/r, Rl 13N+K115&T, L116N, L116N+S118T, K123N+Y125SyT, 
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R124N+Y126S/r, G127N+I129&T, H131N+L133SyT, K134N+K136SyT, A135N+E137SyT, 
E137N, V148N+I150S/T, and Y155N+I157S/T. 

Among the stibstitutiooDS mentioned in the above lists, those are preferred that have the 
N residue introduced among the 141 N-tenninal amino add residues, in particular among the 
116 N-terminal amino acid residues. 

Substitutions that lead to introduction of anN-glycosylation site by only one amino acid 
substitution include: L6S/T, RUN, D39S/r, Q72N, D73N, S75N, LSSS/T, Y92S/r, L98S/r, 
DllON, LI 16N, E137N, R159N and L160S/T. Among these, a substitution is prefenred that is 
selected fiom the group consisting of L6S/r, Rl IN, D39S/r, Q72N, D73N, S75N, LSSS/T, 
Y92S/T, L98S/T, Dl ION and L116N, moreixreferably firom the groi^ consisting of L6S/r, 
D39S/T, D73N, S75N, L88S/T, Dl ION, LI 16N and E137N; and most preferably selected from 
the group consisting of L6S/T, D39S/r, D73N, S75N, L88S/r, DllON and L116N. 

The presently most preferred IFNB polypeptide according to this aspect of the invention 
according to PCT/DKOO/00471 includes at least one of the following substitutions: 
S2N+N4T/S, L9N+R1 IT/S, Rl IN, S12N4-N14T/S, F15N+C17S/r, Q16N+Q1 8T/S, 
K19N+L21T/S, Q23N+H25T/S, G26N+L28T/S, R27N+E29T/S, L28N+Y30T/S, D39T/S, 
K45N+L47T/S, Q46N+Q48T/S, Q4gN+F50T/S, Q49N+Q51T/S, Q51N+E53T/S, 
R71N+D73T/S, Q7ZN, D73N, S75N, S76N+G78T/S, L88T/S, Y92T/S, N93N+I95T/S, 
L98T/S, E103N+K105T/S, E104N+L106T/S, E107N+E109T/S, KIOSN+DUOT/S, DllON, 
Fl 1 IN+Rl 13T/S, or LI 16N, more preferably at least one of the following substitutions: 
S2N+N4T, L9N+R11T, 49N+Q51T or Fl 11N+R113T or R71N+D73T, in particular 
49N+Q51T or Fl 1 IN+Rl 13T or R71N+D73T. For instance, the IFNB polypeptide comprises 
one of the following sets of sidjstitutions : 
Q49N+Q51T+F1 1 1N+R113T ; 
Q49N+Q51T+R71N+D73T+ Fl 11N+ R113T ; 
S2N+N4T+ Fl 11N+R113T ; 
S2N+N4T+Q49N+Q51T ; 
S2N+N4T-KJ4SN-H351T+F1 1 IN+Rl 13T ; 
S2N+N4T+L9N+R1 1T+Q49N+Q51T ; 
S2N+N4T+L9N+R11T+F111N+R113T ; 
S2N+N4T+L9N+R11T+Q49N+Q51T+F111N+R113T; 
L9N+R1 1T+Q49N+Q51T; 
L9N+R11T+Q49N+Q51T+F111N+R113T ; or 
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L9N+R11T+F111N+R113T 

It will be imdCTstood ihat in order to introdiice a JEunctional in vfvo glycosylatioa site the 
ammo add residue in betweea ttie N-residue and tiie S/T residue is different from proline. 
Normally, the amino acid residue in between will be that oociipying the relevant position in ttie 
amino acid sequence shown in SEQ ID NO 2. For instance, in the polypeptide comprising the 
substitutions Q49N+Q51S, position 50 is the position in between. 

The IFNB polypeptide part of a conjugate of the invention accorfing to 
PCT/DKOO/00471 may contain a single in vivo glycosylation site. However, in order to obtain 
efficient shielding of epitopes present on the surface of the parent polypeptide it is often 
desirable that the polypeptide comprises more than one in vivo glycosylation site, in particular 
2-7 in vivo glycosylation sites, such as 2, 3, 4, 5, 6 or 7 in vivo glycosylation sites. Thus, the 
m>5B polypeptide may comprise one additional glycosylation site, or may comprise two, three, 
four, five, six, seven or more introduced in vivo glycosylation sites, preferably introduced by 
one or more substitutions described in any of the above lists. 

As indicated above, in addition to one or more introduced glycosylation sites, existing 
glycosylation sites may have been removed from the IFNB polypeptide. For instance, any of the 
above listed substitutions to introduce a glycosylation site may be combined with a substitution 
to remove the natural N-glycosylation site of human wild-type IFNB. For instance, the IFNB 
polypeptide may comprise a substitution of NSO, e.g. one of the substitutions N80K/C/D/E, 
when a first non-polypeptide polypeptide is one having one of C, D, E as an attachment 
group. For mstance, the IFNB polypeptide may comprise at least one of the followuog 
substitutions: S2N+N4T/S, L9N+R11T/S, RUN, S12N+N14T/S, FISN+CHS/T, 
Q16N+Q18T/S, K19N+L21T/S, Q23N+H25T/S, G26N+L28T/S, R27N+E29T/S, 
L28N+Y30T/S,D39T/S, K45N+L47T/S, Q4(SN+Q48T/S, Q48N+F50T/S, Q49N+Q51T/S, 
Q51N+E53T/S, R71N+D73T/S, Q72N, D73N, S75N, S76N+G78T/S, L88T/S, Y92T/S, 
N93N+I95T/S, L98T/S, E103N+K105T/S, E104N+L105r/S, E107N+E109T/S, 
K108N+D110T/S, DllON, F111N+R113T/S, orL116N in combination with N80K/C/D/B. 
More spedjfically, the IFNB polypeptide may comprise the substitntiaQ: Q49N+Q51T or 
Fll IN+Rl 13T or R71N+D73T, m particular Q49N+Q51T+F111N+R113T or 
Q49N+Q51T+R71N+D73T+ Fll 1N+ R113T, in combination withNSOK/OD/E. 

Any of the glycosylated variants disclosed in the present section having introduced 
and/or removed at least one glyco^lation site» such as the variant comprising the substitutions 
Q48N+F50T/S, Q48N+F50T/S+F111N+R113T/S, Q49N+Q51T/S, F111N+R113T/S, or 
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Q49N+Q51T/S+F111N+R113T/S, may furtlier be conjiigated to a polymer molecule, sudi as 
PEG, or any other non-polypeptide moiety. For this purpose the conjugation, jnay be achieved 
by use of attachmeaat groiips already presesnt in the IFNB polypeptide or attachment groups may 
liave been iatroduced and/or removed, in particular such that a total of 1-6, in particolar 3-4 or 
1, 2, 3, 4, 5, or 6 attachment groups are available for conjugation. Preferably, in a conjugate of 
the invention according to PCT/DKOO/00471 wherein the IFNB polypeptide comprises two 
giycosylation sites, the number and molecular weight of the non-polypeptide moiety is chosen 
so as that the total molecular weight" added by the non-polypeptide moiety is in the range of 20- 
40 kDa, in particular about 20 kDa or 30 kDa. 

In particular, the glycosylated variant may be conjugated to a non-polypqptide moiety 
via a lysine attachment group, and one or more lysine residues of the parent polypeptide may 
have been removed, e.g. by any of the substitutions mentioned in the section entitled 
"Conjugate of the invention, wherein the non-polypeptide moiety is a molecule which has 
lysine as an attachment group", in particular the substitutions K19R+K45R+K123R. 
Alternatively or additionally, a lysine residue may have been introduced, e.g. by any of the 
substitutions mentioned in said section, in particular the substitution R71K. Accordingly, one 
specific conjugate of the invention accoiding to PCT/DKOO/00471 is one, which comprises a 
glycosylated IFNB polypeptide comprising the mutations Q49N + Q5 IT + F 1 1 IN + Rl 1 3T + 
K19R + K45R + K123R or Q49N + Q51T + Fll IN + R113T + K19R + K45R+ K123R + 
R71K further conjugated to PEG. The glycosylated polypeptide part of said conjugate is 
favourably produced in CHO cells and PEGylated subsequent to purification using e.g. SS- 
PEG, NPC-PEG, aldfihyd-PEG, mPEG-SPA, mPEG-SCM, mPEG-BTC from Shearwater 
Polymos, Lie, SC-PEQ fiom Ehzon, Inc., tresylated mPEG as described in US 5,880,255, or 
oxycaiboiiyl-oxy-N-dicaiboxyimide-PEG (US 5,122,614). 

Alternatively, to PEGylation via a lysine group, the glycosylated conjugate according to 
this embodiment of the invention according to PCTyDKOO/00471 may be PEGylated via a 
cysteine gxtap as described in the section entitled "Conjugate of the invention according to 
PCT/DKOO/00471, wherein the non-polypeptide moiety is a molecule fhat has cysteine as an 
attachment group" (for this purpose the IFNB polypeptide may, e.g. comprising at least one of 
the mutations N80C, R71C and C17S), via an acid group as described in the section eatifled 
"Conjugation of the invention according to PCT/DKOO/00471 wherein the non-polypeptide 
mdety binds to an add group", or via any other suitable group. 
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Other conjugates of the invention according to PCT/DK.OQ/00471 

In addition to the introduction and/or ranoval of amino add residues oompming an 
attacbmeat group for the non-poiypeptide moiety of choice (as described in any of the sections 
above entitled "Conjugate of the invention according to PCT/DKOO/00471 .,..") the BFNB 
polypeptide part of the conjugate may contain further substitutions. A preferred example is a 
substitution of any of the residues, Ml, C17, N80 or VlOl, e.g. one or more of the foUowing 
substitutions: C17S; N80K/C/D/E; V101Y/W/F/,H; a deletion of Ml; orMlK. The substitution 
MIK is of particular interest when the IFNB polypeptide is expressed with a tag, e.g. a E[is- 
14tag, where such tag is to be removed by DAP (diaminopeptidase) subsequent to purification 
and/or coajugation. 

Non-polvpq3tide moiety of a coniusate of the invention and tbg inyentiCT;! according to 

PCT/DKQQ/00471 

As indicated further above the non-polypeptide moiety of the conjugate of the present 
invention and of the invention according to PCT/DKOO/00471 is preferably selected from the 
group consisting of a polymer molecule, a lipophilic compound, a sugar moiety (by way of j'n 
VIVO glycosylation) and an organic derivatizing agent All of these agents may confer desirable 
properties to the polypeptide part of the conjugate, in particular reduced immunogemcdty and/or 
incareased functional in vivo half-life and/or increased setum half-life. The pblj^eptide part of 
the conjugate may be conjugated to only one type of non-polypeptide moiety, but may also be 
conjugated to two or more di£Eereat types of non-polypeptide moieties, e.g. to a polymo: 
molecule and a sugar moiety, to a lipophilic group and a sugar moiety, to an organic derivating 
agent and a sugar moiety, to a lipophilic group and a pol3irmer molecule^ etc. The conjugation to 
two or more diSbrent non-polypeptide moieties may be done simultaneous or sequentially. The 
dioice of non-polypeptide moiety/ies, e.g. dq)ends on the effect desired to be achieved by the 
conjugation. For instance^ sugar moieties have been found particularly usefol for reducing 
immunogenidty, whereas polymer molecules such as PEG are of particular use for increasing 
functional in vivo half-life and/or serum half-life. Using a polymer molecule as a first nonr 
polypeptide moiety and a sugar moiety as a second non-polypeptide moiey may result in 
reduced immunogenidty and increased functional in vivo or serum half-life. 



Methods of preparing a conjugate of the present invention and of the invention according to 



PCT/DK0(y00471 
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In the following sections '•Conjugation to a lipophilic compound", "Conjugation to a 
polymer molecule", "Conjugation to a sugar moiety" and "Conjugation to an orgamc 
derivatizing agent" conjugation to specific types of non-polypeptide moieties is described. The 
contents of these sections are relevant for the present invention as well as the invention 
according to PCT/DKOO/00471 (as described harein). 

Conjugation to a lipophilic compound 

For conjugation to a lipophilic compound the following polypeptide groups may 
function as attachment groups: the N-terminal or C-terminal of the polypeptide, the hydroxy 
groups of the amino acid residues Ser, Thr or Tyr, the s-amino. group of Lys, the SH group of 
Cys or the carboxyl group of Asp and Glu. The polypeptide and the lipophilic compound may 
be conjugated to each other, either directly or by use of a Unker. The lipophilic compound may 
be a natural compound such as a saturated or unsaturated fetty add, a fatty acid diketone, a 
terpene, a.prostaglandiQ, a vitamine, a carotenoide or stetoide, or a synthetic compound siich as 
a carbon add, an alcohol, an amine and sulphonic add with one or more alkyl-, aiyl-, alkenyl- 
or other multq)le unsatarated coinpounds. The conjugation between the polypeptide and the 
lipophilic compound, optionally through a linker may be done according to methods known in 
the art, e.g. as described by Bodanszky in Peptide Synthesis, John Wiley, New Yorfc, 1976 and 
in WO 96/12505. 

Conjugation to a polymer molecule 

The polymer molecule to be coupled to the polypeptide may.be any suitable polymer 
molecule, such as a natural or synthetic homo-polymer or hetoropolymer, typically witii a 
molecular wdght in the range of 300-100,000 Da, srudi as 300-20,000 Da, more preferably in the 
range of 500-10,000 Da, even more preferaibly in the range of 500-5000 Da. 

Examples of homo-polymers indude apolyol (i.e. poly-OH),.apolyamiiie (i.a poly-NHj) 
and a polycarboxylic acid (i.e. poly-COOH). A hetero-polymar is a polymer, whidi comprises one 
or more differeat coupling groups, such as, e.g., ahydroxyl group and an amine group. 

Examples of suitable polynier molecules indude polymer molecules selected from the 
groi:^) consisting of polyalkylene oxide (PAO), including polyallfylene glycol (PAG), such as 
polye&ylene glycol (PEG) and polypropylene glycol (PPG), brandied PEGs, poly-vinyl alcohol 
(PVA), poly-carboxyiate, poly-(vinylpyTolidone), polyethylene-co-maldc add anhydride, 
polyslyrene-oo-malic add anhydride, dextran including carboxymdhyl-dextran, or any other 
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biopolymer suitable for reducing mmmnogenicity aad/or increasing functional in vivo half-life 
and/or sertan half-life. Another example of a polymer molecule is human albumia or another 
abundant plasma protein. Generally, polyalkylene gjycol-derived polymers are biocompatible, 
non-toxic, non-antigenic, non-immunogenic, have vaiious water solubility properties, and are 
easily excreted from living organisms. 

PEG is the preferred polymer molecule to be used, since it has only few reactive groups 
capable of oross-linking compared, e.g,, to polysaccharides such as dextran, and the like. In 
particular, monofimctional PEG, e.g monomethoxypolyethylene glycol (mPEG), is of interest 
since its coupling chemistry is relatively simple (only one reactive group is available for conju- 
gating with attachment groups on the polypeptide). Consequently, the risk of cross-linking is 
eliminated, tiie resulting polypeptide conjugates are more homogeneous and the reaction of the 
polymer molecules with the polypeptide is easier to control. When the interferon molecule is 
PEGylated it usually comprises 1-5 polyethylene glycol (PEG) molecules. In a further 
embodiment the interferon molecule comprises 1-5 PEG molecules, such as 1, 2 or 3 PEG 
molecules. In a further embodiment each PEG molecule has a molecular weight of about 5 kDa 
(kilo Dalton) to 100 kDa. In a further embodiment each PEG molecule has a molecular weigiht 
of about 10 kDa to 40 kDa. In a further embodiment each PEG molecule has a molecular 
weight of about 12 kDa. In a fttrther embodiment each PEG molecule has a molecular weight of 
about 20 kDa. Preferaibly the interferon molecule comprises 1-3 PEG molecules each having a 
molecular weight of about 12 kDa, or 1 PEG molecule having a molecular weight of about 20 
kDa. Suitable PEG molecules are available fiom Shearwater Polymers, Lie. and Enzon, Inc. and 
may be selected fiom SS-PEG, NPC-PEG, aldehyd-PEG, noPEG-SPA, mPEG-SCM, mPEG- 
ETC, SC-PEG, tre^latedmPEG (US 5,880,255), or oxycarbonyl-oxy-N-dicarbo:gTmide-PEG 
(US 5,122,614). 

To effect covalent attachment of the polymer mDlecule(s) to the polypeptidej, the 
hydroxyl end groups of the polymer molecule must be provided in activated foon, i.e. with 
reactive functional groiqjs (examples of which include primary amino groups, hydrazide (HZ)> 
thiol, succinate (SUC), succinimidyl succinate (SS), succinimidyl succinaroide (SSA), 
succinimidyl proprionate (SPA), succinimidyl carboxymethylate (SCM), benzotriazole 
carbonate (BTC), N-hydroxysucdnimide (NHS), aldehyde, nitrqphenylcarbonate (NPC), and 
tresylate (TRES)). Suitably activated polymer molecules are commercially available, e.g. from 
Shearwata: Polymers, Inc., Huntsville, AL, USA or PolyMasc, UK. Alternatively, the polymer 
molecules can be activated by conventional methods known in the art, e.g. as disclosed in WO 
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90/13540. Specific examples of activated linear or branched polymer molecules for use in flie 
present invention are described in the Shearwater Polymers, Inc. 1997 and 2000 Catalogs 
(Functionalized Biocompatihle Polymers for Research and pharmaceuticals. Polyethylene 
Glycol and Derivatives, incorporated herein by reference). Specific examples of activated PEG 
polymers include the foUowmg linear PEGs: >3HS-PEG (e.g. SPA-PEG, SSPA-PEG, SBA- 
PEG, SS-PEG, SSA-PEG, SC-PEG, SG-PEG, and SCM-PEG), andNOR-PEG), BTC-PEG, 
EPOX-PEG, NCO-PEG, NPC-PEG, CDI-PEG, ALD-PEG, TRES-PEG, VS-PEG, lODO-PEG, 
and MAL-PEG, and branched PEGs such as PEG2-KH:S and those disclosed in US 5,932,462 and 
US 5,643,575, both of which references are incorporated herein by reference. Furthermore, the 
following publications, incorporated herein by reference, disclose useful polymer molecules 
and/or PEGylation chemistries: US 5,824,778, US 5,476,653, WO 97/32607, EP 229,108, EP 
402,378, US 4,902,502, US 5,281,698, US 5,122,614, US 5,219,564, WO 92/16555, WO 
94/04193, WO 94/14758, WO 94/17039, WO 94/18247, WO 94/28024, WO 95/00162, WO 
95/11924, WO95/13090, WO 95/33490, WO 96/00080, WO 97/18832, WO 98/41562, WO 
98/48837, WO 99/32134, WO 99/32139, WO 99/32140, WO 96/40791, WO 98/32466, WO 
95/06058, EP 439 508, WO 97/03106, WO 96/21469, WO 95/13312, EP 921 131, US 
5,736,625, WO 98/05363, EP 809 996, US 5,629,384, WO 96/41813, WO 96/07670, US 
5,473,034, US 5,516,673, EP 605 963, US 5,382,657, EP 510 356, EP 400 472, EP 183 503 
and BP 154316. 

The conjxigation of the polypq)tide and tiie activated polymer molecules is conducted by 
use of any conventional method, e.g. as descdbed in the fidlovring references (which also describe 
suitable mdhods for activation of polymer molecules): Harris and Za%sky, eds., Poly(eaiylene 
glycol) Chemistry and Biological Applications, AZC, Washington; R.F. Taylor, (1991), "Protein 
immobilisation. Fundamental and applications". Marcel Dekker, N.Y.; S.S. Wong, (1992), 
"Chemistry of Protein Coqugatioil and Crosslinkrng", CRC Press^ Boca Raton; G.T. Hermanson 
et al., (1993), Immobilized AfSnity Ligand Tec3miques", Academic Press, N.Y.). The skilled 
person will be aware that the activation mefliod and/or conjugation chemistry to be used depends 
on the attachment group(s) of the IFNB polypeptide as well as the fiinctional groups of the 
polymer (e.g. being amino, hydroxyl, carborj^l, aldehyde or sulfydryl). The PEGylation may be 
directed towards conjugation to all available attachment groups on the polypeptide (i.e. such 
attachment groiips that are exposed at the surface of the polypeptide) or may be directed 
towards specific attachment groups, e.g. the N-terminal amino group (US 5,985,265). 
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Furfhennore, the conjugation be achieved in one step or in a stepwise manner (e.g. as 
described in WO 99/55377). 

It will be understood that the PEGylation is designed so as to produce the optimal 
molecule witibi respect to liie number of PEGmdecules attadhed, &e size and form (e.g. 
whether they are linear or branched) of such molecules, and where in flie polypeptide such 
molecules are attached. For instance, tibie molecular weight of the polymer to be used may be 
chosen on the basis of the desired effect to be achieved. For instance, if the primary purpose of the 
conjugation is to achieve a conjugate having a high molecular weight (e.g. to reduce renal 
clearance) it is usually desirable to conjugate as few high Mw polymer molecules as possible to 
obtain the desired molecular weight When a high degree of epitope shielding is desirable this may 
be obtained by use of a suffidendy high number of low molecular weight polymer (e.g. with a 
molecdar weight of about 5,000 Da) to effectively shield alt or most epitopes of the polypeptide. 
For instance, 2-8, such as 3-6 such polymers may be used. 

In connection with conjugation to only a single attachment group on die protein (as 
described in US 5,985,265), it may be advantageous that the polymra- molecule, which may be 
linear or branched, has a high molecular weight, e.g. about 20 kDa. 

Normally, the polymer cQnjugadon is pedfonned under conditions aiming at reacting all 
available polymer aftarihiinpint groups with polymer molecules. Typically, the mdar ratio of 
activated polymer molecules to polypeptide is 1000-1, in particular 200-1, preferably 100-1, such 
as 1 0-1 or 5-1 in order to obtain optimal reaction. However, also eqpimolar ratios may be used. 

H is also contemplated according to the present itrvention and the invention according to 
PCT/DKOO/00471 to couple the polymer molecules to die polypeptide through a linker. Suitable 
linkers are well known to the sikilled person. A preferred example is cyanuric chbiide 
(Abuchowsiki et al., (1977), J. Biol. Chem., 252, 3578-3581; US 4,179,337; Shaier et aL, (1986), J. 
Pdym. ScL Polym. Chem. Ed., 24, 375-378. 

Subsequent to the conjugation residual activated polymer molecules are blocked 
according to methods known in the art, e.g. by addition of primary amine to die reaction 
mixture, and the resulting inactivated polymer molecules removed by a suitable method. 

Covalent in vitro coupling of a carbohydrate moiety to amino acid residues of IFNB 
may be xised to modify or increase the number or profile of carbohydrate substttuents. 
Depending on the coiqiling mode used, the carbohydrate(s) may be attached to a) arginine and 
histidine (Lundblad and Noyes, Chemical Reagents for Protein Modification, CRC Press Inc. 
Boca Raton, b) ftee carboxyl groups (e.g. of liie C-terminal amino add residue^ asparagine 
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or glutamine), c) free sulfhydryl groups such as that of cysteinei, d) free hydroxyl groups such as 
those of serine, threonine, tyrosine or hydroxyproline, e) aromafic residues such as those of 
phenylalanine or tryptophan or f) the amide group of glutamine. These amino acid residues 
constitute examples of attachment groups for a carbohydrate moiety, which m^ be introduced 
and/or removed in the IFNB polypeptide. Suitable methods of m vitro coupling are described in 
WO 87/05330 and in Aplin etl al., CRC Grit Rev. Biochem., pp. 259-306, 1981. The.in vitro 
coupling of carbohydrate moieties or PEG to protein- and peptide-bound Ghi-residues can also 
be carried out by transglutatmnases (TGases), e.g. as described by Sato et al., 1996 
Biochemistry 35, 13072-13080 orin EP 725145 

Coupling to a sugar moiety 

In order to achieve in vivo glycosylation of an IFNB polypeptide as described herein, 
e.g. one that has been modified by introduction of one or more glycosylation sites (see the 
section "Conjugates of the invention according to PCT/DKOO/0047I wherein the non- 
polypeptide moiety is a sugar moiety") or by modification of an amino acid residue located 
dose to a glycosylation site (as described in the section entifled "Variants with increased 
glycosylation"), tiie nucleotide sequence encoding the polypqptide part of the conjugate must be 
inserted in a glycosylatiDg, eucaiyotic expression host. The expression host cell may be selected 
from fungal (filamentous frmgal or-yeast), insect, mammalian, animal and transgenic plant cells 
or from transgenic animals. Furthexmorei, the glycosylation may be achieved in the human body 
when using a nadeotide sequence encoding a polypeptide described heceui in gene thexapy. In 
one embodiment the host cell is a mammalian odl, such as an CHO odl, BHK or HEK cell, e.g. 
HEK293, or an insect ceil, such as an SF9 cell, or a yeast cell, e.g. ScKdiaromyces cerevisiae, 
Pichiapeistoris or any other suitable glycosylating host, e.g. as described further below. 
Optionally, sugar moieties attached to the IFNB polypeptide by in nvo glycosjdation are further 
modified by use of glycosyltransferases, e.g. using the glycoAdvance™ tedmology marketed 
by Neose, Hcarsham, PA, USA. Thereby, it is possible to, e.g., increase the sialyation of the 
glycosylated IFNB polypeptide following expression and in vivo glycosylation by CHO cells. 

Coupling to an organic derivatizing agent 

Covalent modification of the IFNB polypeptide may be performed by reacting (an) 
attachment group(s) of the polypeptide with an organic derivatizing agent. Suitable derivatizing 
agents and methods are weU laiown in the art For example, cysteinyl residues most oommoniy 
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are reacted wifh a-lialoac^ates (and cxjiresponding amiaes), such as cMoroacetic add or 
chloroacetamide, to ^ve carboxymethyl or cafboxyamidomethyl derivatives. Cysteinyl residues 
also are derivatized by reaction witii bromotrifiuoroacetone, a-bromo-p-(4-imidozoyl)propiomc 
add, cMoroacetyl phosphate, N-alkylmaldinides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl 
disulfide, p-diloromercuribenzoate, 2-chlorom«re!Uii-4-nitrophenol, or cliloro-7-mtrobenzo-2- 
oxa-1 ,3-diazole. Histidyl residues are derivatized by reaction with diethylpyrocarbonateat pH 
5.5-7.0 because this agent is relatively spedfic for the histidyl side chain. Para-bromophenacyl 
bromide also is useful; the reaction is prefesrably performed in 0.1 M sodium cacodylate at pH 
6.0.Lysmyl and amino terminal residues are readied wilh sucdnic or other carboxylic acid 
anhydrides. Derivati2ation with these agents has the effect of reversing the charge of the lysinyl 
residues. Other suitable reagents for derrvatizhig a-amino-containing residues include 
imidoesters sudi as mdhyl picolinimidat^ pyridoxal phosphate; pyridoxal; chloroborohydride; 
trimtrobenzenesulfonic add; O-mefhyUsourea; 2,4-pentanedion^ and tiansaminase-catalyzed 
reaction with glyoxylate, Argmyl residues are modified by reaction with one or several 
conventional reagents, among them phenylglyoxal, 2,3-butanedione^ 1,2-Gyclohexanedione^ and 
ninhydiin. Derivafization of argunne residues reqtdres that the reaction be perfbnned in alkaline 
conditions because of the high pKa of the'guanidine functional group. Furthermore, these 
reagents may react with the groups of lysine as well as the arginine guanidino group. Caiboxyl 
side gmvips (aspaityl or glutamyl or C-terminal amino add residue) are sdectivdy modified by 
reaction with carbodiimides (R-N=C=N-R')» where R and R' are difEereot alkyl groi^js, sucih as 
l"cydohexyl-3"(2-moipholinyl-4-e11iyl) carbodiimide or l-ethyl-3-(4-azonia-4,4- 
dimethylpeiityl) carbodiimide. Furfhermore, aspartyl and glutamyl residues are coaiverted to 
asparagmyl and glutaminyl residues by reaction with ammomum ions. 

Methods of preparing an IFNB polypeptide of the invention for as described in 

PCT/DK00/0Q47n 

The polypeptide of the present mvention or described in PCT/DKOO/00471, optionally 
in glycosylated form, may be produced by any suitable method known in the art. Such methods 
include construddng a nucleotide sequence encoding the polypeptide and expressing the 
sequence in a suitable transformed or transfected host. However, polypeptides of the invention 
may be produced, albdt less effidently, by chemical synthesis or a combination of diemical 
synthesis or a combination of chemical synthesis and recombinant DNA technology. 
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The nucleotide sequence of liie invention encoding an IFNB polypeptide may be 
constructed )3y isolating or synthesizing a nucleotide sequence encoding the parent IFNB, e.g. 
with the amino add sequence shown in SEQ ID NO 2, and theai changing the nndeotide 
sequence so as to effect introduction (i.e. insertion or substitution) or deletion (i.e. removal or 
substitution) of the relevant amino add residue(s). 

The nudeotide sequence is conveniently modified by site-directed mutagenesis in 
accordance wifli well-lmown mefhods, seet, e.g., Mark et al., "Site-spedfic Mutagenesis of the 
Human Fibroblast Interferon Gene", Pioc. Natl. Acad. Sd. USA, 81, pp. 5662-66 (1984); and 
US 4,588,585. 

Altemativdy, ihe nucleotide sequence is prepared by chemical synthesis, e.g. by using 
an oligonucleotide synthesizer, wherein oligonucleotides are designed based on the amino acid 
sequence of the desired polypeptide, and preferably selecting those codons lhat are favored in 
the host cell in which the recombinant polypeptide will be produced. For example, sevraul small 
oligonucleotides coding for portions of the desired polypeptide may be synthesized and 
assembled by PCR, ligation or ligation chain reaction (LCR). The individual oHgonudeotides 
typically contain 5' or 3' overhangs for complanentary assembly. 

Once assembled (by synthesis, site-directed mutagenesis or another method), Ihe 
nucleotide sequence encodmg the IFNB polypeptide is inserted into a recombinant vector and 
<^erai>ly linked to control sequ^ces necessary for expression of the IFNB in the desired 
transformed host ceU. 

It should of ooursebe understood that not all vectors and expression control sequeaices 
function equally well to eixpress the iradeotide sequence encoding a polypeptide variant 
described herdn. Ndther will all hosts function equally well with tiie same ejqjression system. 
Howev^, one of sVill in the art may make a sdection among th^e vectGa:s, ei^ression control 
sequences and hosts without undue experimentation. For example, in selecting a vedor, the 
host must be considcaced because the vector must replicate in it or be able to integrate into the 
chromosome. Hie vector's copy mrniber, the abilily to control that copy number, and the 
es^ressionof any other proteins encoded by the vector, sudi as antibiotic mackiers, should also 
be considered. In sdectmg an expression control sequence, a variety of factors should also be 
considered. These indude, for example, the relative strength of the sequencei, its controUabiHty, 
and its compatibility with the nudeotide sequence encoding the polypeptide^ particularly as 
regards potential secondary structures. Hosts should be selected by consideration of their 
compatibiliiy with the chosen vedor, the toxidly of the product coded for by the nudeotide 
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sequence, their secretion diaracteristics, their ability to fold the polypeptide correctly, thdr 
fennentation or culture requirements, and the ease of puiiflcation of the products coded for by 
file nucleotide sequence. 

The recombinant vector may be an autononaously replicating vector, i.e. a vector which 
exists as an ejctrachromosomai entity, the replication of which is independent of chromosomal 
replicatioiL, e.g.. aplasmid. Alternatively, the vector is one which, when introduced into a host 
cell, is integrated into the host cell genome and replicated together with the chromosome(s) into 
which it has been integrated. 

The vector is preferably an expression vector, in which the nucleotide sequence 
encoding the polypeptide of the invention is operably linked to additional segments required for 
transcription of the nucleotide sequence. The vector is typically derived fcom plasmid or viral 
DNA. A number of suitable expression vectors for expression in the host cells mentioned herein 
acre oonnnerdally available or described in the literature. Usefiil expression vectors for 
eokaiyotic hosts, include, for example, vectors comprising expression control sequences ftom 
SV40, bovine papilloma vinB, adenovirus and cytomegalovirus. Specific vectors are, e.g., 
pCDNA3.1(+)\Hyg (Invitrogen, Carlsbad, CA, USA) and pCI-neo (Stratagene, La Jola, CA, 
USA). Useful expression vectors for bactoial hosts include known bacterial plasmids, such as 
plaamids fimn E. coli, including pBR322, pET3a and pET12a (both ftom Novagen Inc., WI, 
USA), wider host range plasmids, sucii as RP4, phage DNAs, e.g., the numoous derivatives of 
phage lambda, e.g. , NM989, and other DNA phages, such as M13 and filamentous single 
stranded DNA phages. Useful expression vectors for yeast cells include the 2ji plasmid and 
derivatives fliereoi^ the POTl vector (US 4,931,373), the pJS037 vector described in (Okkds, 
Ann. New York Acad. ScL 782, 202-207, 1996) and pPICZ A, B or C (Invitrogen). Useful 
vectors for insect cells include pYL941, pBG31 1 (Gate et a!., "Isolation of the Bovine and 

Genes for MuUerian Inhibiting Substance And Expression of the Human Gene In 
Animal Cells", Cell, 45, pp. 685-98 (1986), pBluebac 4.5 and pMelbac (both available from 
Invitrogen). 

Other vectors for use in this invention include those that allow the nucleotide sequence 
encoding the polypeptide variant to be amplified in copy number. Such amplifiable vectors are 
well known in the art They include, for example, vectors able to be amplified by DHFR 
amplification (see, e.g., Kaufinan, U.S. Pat. No. 4,470,461, Kaufinan and Sharp, "Construction 
Of A Modular Dihydrofolate Reductase cDNA Gene: Analysis Of Signals Utilized For 
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Effident Expression", Mol. Cell. Biol., 2, Rp. 1304-19 (1982)) and giutamine synfhetase C'GS") 
amplification (see, e.g., US 5,122,464 and EP 338,841). 

The recombinant vector may furOier oompiise a DNA sequence enabling Hie vector to 
replicate in the host cell in question. An example of such a sequence (when the host cell is a 
mammalian cell) is the SV40 origin of replication. When the host cell is a yeast cell, suitable 
sequences enabling the vector to replicate are the yeast plasmid 2)1 replication genes REP 1-3 
and origin of rqjlication. 

The vector may also comprise a selectable marker, e.g. a gene tiie product of which 
complements a defect in the host cell, such as the gene coding for dihydrofolate reductase 
(DHFR) or the Schizosaccharomyces pombe TPI gene (described by P.R. Russell, Gene 40, 
1985, pp. 125-130), or one which confers resistance to a drag, e,g. ampicillin, kanamycm, 
tetracycUn, chloramphenicol, neomycin, hygromy cm or methotrexate. For filamentous ftmgi, 
selectable markers include amdS. pyrG, arcB, niaP. sC. 

The teim "control sequences" is defined herein to include all components, which are 
necessary or advantageous for the expressbn of the IFNB polypeptide. Each control sequence 
may be native or foreign to the nudedc add sequeaace encoding the polypeptide. Such control 
sequences include, but are not limited to, a leader, polyadenylation sequence, propeptide 
sequence, promoter, oihancer or upstream activating sequence, signal peptide sequence, and 
transcription tetminator. At a minimum, the control sequences include a promoter. 

A wide variety of expression control sequences may be used in Ihe present invention. 
Such useful expression control sequences indude tiie expression control sequences assodated 
with structural genes of the foregoing expression vectors as well as any sequence known to 
contarol the expression of genes of prokaryotic or eukaryotic cells or their viruses, and various 
corobinations thereof 

Examples of suitable control sequences for directing transcription in mammalian cells 
include fiie early and late promotes of SV40 and adenovirus, e.g. the adenovirus 2 major late 
promoter, the MT-1 (metallothionein gene) promoter, the htiman cytomegalovirus immediate- 
early gene promoter (CMV), the human elongation fector la (EF-la) promoter, HieDrosophila 
mi'tiitnal heat shock protem 70 promoter, the Rous Sarcoma Virus (RSV) promotea:, the human 
ubiquitin C (UbC) promoter, the human growth hormone tacminator, S V40 or adenovirus Elb 
region polyadenylation signals and tiie Kozak consensus sequence (Kozak;, M. J Mol Biol 1987 
Aug20;196(4):947-50). 
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In order to improve expression in manuaaliaa cells a syntbetic infron may be inserted in 
fbs 5' untranslated r^on of the nudeotide sequence encoding the polypeptide of interest An 
example of a synthetic intron is the synthetic intion from the plasmid pCI-Neo (available from 
Promega Corporation, WI, USA). 

Examples of suitable control sequences for directing lianscription in insect cells include 
the polyhedrin promoter, the P 10 promoter, ib&Awtagre^ha califomica polyhediosis virus basic 
protein promoter, the baculovirus immediate early gene 1 promoter and the baculovirus 39K 
delayed-early gene promoter, and the SV40 polyadenylation sequence. 

Examples of suitable control sequences for use in yeast host cells include the promoters 
of the yeast a-mating system, the yeast triose phosphate isomerase (TPI) promoter, promoters 
from yeast glycolytic genes or alcohol dehydogenase genes, the ADH2-4c promoter and the 
inducible GAL promoter. 

Examples of suitable control sequences for use in filamentous fungal host cells include 
the ADH3 promoter and terminator, a promoter derived firom the genes encoding Aspergillus 
oryzae TAKA amylase triose phosphate isomerase or alkaline protease, an A niger a-amylascj 
A niger ox A. rddulans glucoamyiase, A ntdtiUms acetamidase> Shaomucor ntiehei aspartic 
proteinase or lipase^ the TPIl terminator and the ADH3 temrinator. 

Exan^les of suitable control sequences for use in bacterial host cells include promoters 
of the lac system, lie trp system, lie TAC or TRC system and the major promoter regions of 
phage lambda. 

• The nucleotide sequence of the invention encoding an IFNB polypeptide^ whether 
prepared by site-directed mutagenesis, synthesis or other methods, may or may not also indude 
a nucleotide sequence that encode a signal peptide. The signal peptide is present when the 
polypeptide is to be secreted from the cells in wMdi it is expressed. Sudi signal peptide, if 
present, should be one recognized by the cell chosen for expression of the pdypeptide. The 
signal peptide may be homologous (e.g. be that normally associated with human IFNB) or 
heterologous (i.e. originating fiom another source than human IFNB) to the polypeptide or may 
he homologous or heterobgous to the host cell, i.e. be a signal peptide normally expressed from 
the host cell or one which is not normally expressed from the host cdl. Accordingly, the signal 
peptide may be prokaiyotic, e.g. derived from a bacterium such as E. coli, or eukaiyotic, e.g. 
derived from a marmnalian, or insect or yeast cell. 

The presence or absence of a signal peptide will, e.g., depend on the expression host cell 
used fin- the production of the polypeptide, the protein to be expressed (whether it is an 
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intracellular or exfraceUular protein) and whefher it is desirable to obtain secr^on- For use in 
filamentous fimgi, the signal peptide may conveniently be derived fiom a gene encoding an 
Aspergillus sp. amylase or ghiooamylase, a gene encoding a Rhizomucor inieihei lipase or 
protease or a Hmnicola lanuginosa lipase. Hie signal peptide is preferably derived fiom a gene 
encoding A. oryzae TAKA amylase, A. niger neutral a-amylase, A. niger acid-stable amylase, 
or A. niger glucoamylase. For use in insect cells> the signal peptide may conveniently be 
derived fi'om an insect gene (cf. WO 90/05783), such as the lepidopteran Manduca sexta 
adipokinetic hormone precursor, (cf. US 5,023,328), the honeybee melittin (Ihvitrogen), 
ecdysteroid UDPglucosyltransferase (egt) (Murphy et al.. Protein Expression and Purification 4, 
349-357 (1993) or human pancreatic Kpase (hpl) (Methods in Enzymology 284, pp. 262-272, 
1997). 

A preferred signal peptide for use in maimnalian cells is that of human IFNB apparent from the 
examples hereinafter or the murine Ig kappa li^t chain signal peptide (Coloma, M (1992) J, 
Tmni . Methods 1 52:89-104). For use in yeast cells suitable signal peptides have been found to 
be the a-fector signal peptide from S. cerevidae. (cf. US 4,870,008), the signal peptide of 
mouse salivary amylase (c£ O. Hagenbuchle et aL,Nature 289, 1981, pp. 643-646), a modified 
carboxypeptidase signal peptide (o£ LA. Vails et al.. Cell 48, 1987, pp. 887-897), the yeast 
lARLsignal peptide (o£ WO 87/02670), and ibe yeast aapartio protease 3 (YAPS) signal 
peptide (cf: M. Egel-Mitani et al.. Yeast 6, 1990, pp. 127-137). 

Any suitable host may be used to produce the lENB polypeptide, including bacteria, 
fungi including yeasts), plant, insect, mammal, or other appropriate atiimal cells or cell lines, 
as well as transgenic animals or plants. Examples of bacterial host cells include grampositive 
bacteria sucii as strains of Badllus, etg. B. brevis orB, subtUis. Pseudomonas (xcStreptong>ces, 
or gramn^ative bacteria, such as strains ofE. coli. The urtroduction of a vector into abacterial 
host cell may, for instance^ be effected by protoplast transformation (see, e.g., Chang and 
Cohen, 1979, Molecular General GemUcs 168: 11 1-115), using competent cells (see, e.g.. 
Young and Spizizin, 1961, Journal of Bacteriology 81 : 823-829, or Dubnau and Davidoff- 
Abelson, 1911^ Journal of Molecular Biology 56: 209-221), electroporation (see, e.g., 
Shigekawa and Dower, 1988, Biotechniques 6: 742-751), or conjugation (see, e.g., Koeihler and 
Thome, Journal of Bacteriology 169: 5771-5278). 

Examples of suitable filamentous fungal host cells include strains of Aspergillus, e.g. A. 
oryzae, A. niger, ox A. nidulans, Fusariian or TricJioderma. Fungal cells may be transformed by 
a process involving protoplast formation, tradsfbimation of the protoplasts, and regeneration of 
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the cdl wall in a manner known per se. Suitable procedures for transfomiation of Jspergillus 
host cells are described in EP 238 023 and US 5,679,543. Suitable methods for transfomiing 
Fusarium species are described by Malardier et oL, 1989, Gene 78: 147-156 and WO 96/00787. 
Yeast may be transformed using the procedures described by Becker and Quareate, In Abelson, 
J.N. and Simon, M.I., editors, Guide to Teast Genetics and Molecular Biology, Methods in 
Enzymology, Volume 194, pp 182-187, Academic Press, Inc., New York; Ito etal, 1983, 
Journal of Bacteriology 153: 163; and Hinnen etoL, 1978; Proceedings oftheNational 
Academy of Sciences USA 75: 1920. 

Examples of suitable yeast host cdls include straios of Saccharomyces, e.g. S. 
cerevisiae, Schizosaccharomyces, Klyveromyces, Fichia, sach. as P. pastoris ox P. methanoUca, 
Hansenula. such as K Polymorpha or Yarrowia. Meihods jfor transfonning yeast cells wilh 
heterologous DNA and producing heterologous polypeptides therefrom are disclosed by 
Clontech Laboratories, Inc, Palo Alto, CA, USA (in the product protocol for the Yeastmakar™ 
Yeast Tranformation System Kit), and by Reeves et al., FEMS Microbiology Letters 99 (1992) 
193-198, Manivasakam and Schiestl,Nudeic Adds Reseatch, 1993, Vol. 21, No. 18, pp. 4414- 
4415 and Ganeva et aL, FEMS Microbiology Letters 121 (1994) 159-164. 

Examples of suitable insect host cells include a.LepidopU>ra cell line, such as 
Sfpodopterajrugiperda (S& or S£21) or Trichophisioa ni cells (High Five) (US 5,077,214). 
Traiisfi)nnation of insect cells and production of heterologous polypeptides therein may be 
poformed as described by Invibrogen. 

Examples of suitaible mammalian host cells include Chinese hamster ovary (CHO) cell 
Hnfis, (e.g. CHO-Kl; ATCC CCL-61), CSreen Monkey cell lines (COS) (e.g. COS 1 (ATCG 
CRL-1650), COS 7 (ATCC CRL-1651)); mouse cells {e.g. NS/O), Baby Hamster Kidney 
(BHK) ceU lines (e.g. ATCC CRL-1632 or ATCC CCL-10), and hmnan cells (e.g. HEK 293 
(ATCC CRL-1573)), as well as plant cells in tissue culture. Additional suitable cell lines are 
known in the art and available from public depositories sudi as the American Type Culture 
Collection, RockviUe, Maryland. Also, the mammalian cell, such as a CHO cdl, maybe 
modified to express sialyltransferase, e.g. 1,6-sialyltransferase, e.g. as described in US 
5,047,335, in order to provide improved glycosylation of the IFNB polypeptide. 

Methods for introducing exogeneous DNA into mammalian host cells include calcium 
phosphate-mediated transfection, electroporation, DEAE-dextran mediated transfection, 
liposome-mediated transfection, viral vectors and the transfectiQn methods described by Life 
Technologies Ltd, Paisley, UK using Lipofectamin 2000 and Roche Diagnostics Corporation, 
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Indianapolis, USA using PuGENE 6, These methods are well known in Ihe art and e.g. 
described by Ausbdl et al, (eds.), 1S>96, Current Protocols in Molecdar Biology, John Wiley & 
Sons, New York, USA. The cultivation of mammalian cells are conducted according to 
established methods, e.g. as disclosed in (Animal Cell Biotechnology, Methods and PiotocolSi 
Edited by Nigel Jenkins, 19Q9, Human ?ress Inc, Totowa, New Jersey, USA and Harrison MA 
and Rafi IF, General Techniques of Cell Culture, Cambridge University Press 1997). 

In the production methods of the present invention, the cells are cultivated in a nutrient 
medium suitable for production of the polypeptide using methods known in the art. For 
example, the cell may be cxiltivated by shake flask cultivation, small-scale or large-scale 
fermentation (including continuous, batch, fed-batch, or solid state fermentations) in laboratory 
or industrial fermenters performed in a suitable medium and imder conditions allowing the 
polypeptide to be ejqjressed and/or isolated. The cultivation takes place in a suitable nutrient 
medium compii^ng carboii and nitiogea sources and inorganic salts, using procedures known 
in the art Suitable media are available firom commercial suppliers or may be prepared 
according to publisihed oon^ositiQns (e.g., in catalogues of the American Type Culture 
Collection). If the polypeptide is secreted into the nutrient medium, the polypeptide can be 
recoveaied directly fiom the medium. If the polypeptide is not secreted, it can be recovered 
fiom cell lysates. 

The resulting polypeptide may be recoveared by methods known in the art. For example, 
the polypeptide may be lecoveai^d fiom the nutrient medium by conventional procedures 
including, bat not limited to, oentrifagation, filtration, extraction, spray drying, evaporation, or 
precipitation. 

The polypeptides may be purified by a variety of procedures known in the art including, 
but not limited to, chromatograpihy (e.g., ion exchange^ affinity, hydrophobic, 

chromatofocusing, and size exclusion), electrophoretic procedures (e.g,, preparative isoelectric 
focusing), differential solubility (e.g., ammonium sulfate precipitation), SDS-PAGE, or 
extraction (see, e.g.. Protein Purification, J.-C. Janson and Lars Rydeo, editors, VCH 
PubUshers, New York, 1989). SpediSc methods for purifymg polypeptides exhibiting IFNB 
activity are disclosed in US 4,289,689, US 4,359,389, US 4,172,071, US 4,551,271, US 
5,244,655, US 4,485,017, US 4,257,938 and US 4,541,952. A specific purification method is 
based on immtmoafBnity purification (see, e.g., Okamura et al., "Human Fibroblastoid 
Interferon; Immunosorbent Column Chromatography And N-Tenninal Amino Acid Sequence", 
Biodhem., 19, pp. 3831-35 (1980)). Also, hydroxyapatite diromatograpl^inaybeused. 
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Furfhennore, puiification may be based on tiie use of IFNAR 1 and/or IFNAR 2, in particular 
IFNAR2. 

The biological activity of the IFNB polypeptides can be assayed by any suitable method 
known in the art Such assays include antibody neutralization of antiviral activity, induction of 
protein kinase, oHgoadenylate 2,5-A synthetase or phosphodiesterase activities, as described in 
EP 41313 Bl. Such assays also include inununomodulatory assays (see, e.g., US 4,753,795), 
growth inhibition assays, and measurement of binding to cells that express interferon receptors. 
Specific assaj^ for detannining the biological activity of poljpeptides or conjugates of the 
invention are disclosed in the Materials and Methods section hereinafter. 

Phannaceutical compositition and x^es of a conjugate of the invention 

The IFNB molecule of the invention is administered at a dose approximately paralleling 
that employed in therapy with human IFNB such as Avonex, Rebif and Betaseron, or a higher 
dosis. The exact dose to be administered depends on the circumstances. Normally, the dose 
should be capable of preventing or lessening the severity or spread of the condition or 
indication being treated. It will be apparent to those of skill in liie art that an efifective amount 
of an IFNB molecule depends, inter alia, upon the disease, the dose, fbs administration 
schedule, whether Hie molecale is administered alone or in conjunctioin with other therapeutic 
agents, the serum half-life of the compositions, and tJie general health of the patient 

The IFNB molecules of the invention can be used "as is" and/or in a salt fbmi thereof. 
Suitable salts include^ but are not limited to, salts with alkali metals or alkaline eariJi metals, 
such as sodium, potassium, lithium, calcium and magnesium, as well as e.g. zinc salts. These 
salts or coinplexes may by present as a crystalline and/or amorphous structure. 

Hie molecule of the invention is pre&xably administered in a compositiDn fiirther 
including a phaimaceutically acceptable carrier or empient 'Thmnaceutically acceptable" 
means a carriear or excipieat that does not cause any untoward effects in patients to whom it is 
administered. Such pbaimaoeutically acceptable camears and esEcipieats are well known in the 
art 

The molecule of the invention can be formulated into pharmaceutical compositions by 
weU-known methods. Suitable formulations are described in US 5,183,746, Remington's 
Pharmaceutical Sciences by E-W.Martin, 18*^ edition, A. R. Gennaro, Ed., Mack Publishing 
Company [1990]; Pharmaceutical Formulation Development of Peptides and Proteins, S. 
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Frokjaer and L. Hovgaard, Eds., Taylor & Francis [2000]; and Handbook of Phannaceutical 
Exdpieats, 3rd edition, A. Kibbe^ Ed., Pharmaceutical Press [2000]). 

The molecule of fhe invention may be Simulated into a pharmaceutical composition in 
a variety of forms, including liquid, gel, ly<^hilized, pulmonary dispersion, or any other 
suitable form, e.g. as a compressed solid. The preferred form will depend upon the particular 
indication being treated and will be apparent to one of skUl in fhe art 

The pharmaceutical composition of the invention may be administered parenteraUy (e.g. 
intravenously, intramuscularly, intraperitoneally, or subcutaneously), orally, iotracerebrally, 
intradennally, intranasally, intrapuimonary, by inhalation, or in any other acceptable manner, 
e.g. iisLng PowderJect or ProLease technology. The preferred mode of administration will 
depend upon fhe particular indication being treated and will be apparent to one of skill in the 
art. 

Pharmaceutical composition comprising an IFNB polypeptide without free cysteine 
It has surprisingly been found that IFNB polypq)tides that do not have a free cysteine, e.g., fhe 
C17 of human IFNB derived polypeptides, has a significantiy reduced tendency to aggregate as 
compared to IFNB polypq)tides comprising a free cysteine. This observation has important 
implications not only in fhe production of IFNB polypeptides (which becomes less 
oompUcated), but also with respect to the need of using stabilizers minimiTing the aggregation 
of IFNB polypeptides when formulated into pharmaceutical products. 

Accordingly, in a farther aspect the invention relates to a pharmaceutical comiposition 
comprising a glycosylated IFNB polypeptide 1hat comprises the substitution C17S (relative to 
SBQ ID NO 2), tiie composition conipiising a reduced amount of stabilizer as contpared to fhe 
amount required to prepare a pharmaceutical con^osition comprising a glycosylated IFNB 
polypeptide ocm^prising C17 but otherwise having fhe same amino acid sequence. For instance, 
tiie amount of stabilizer may be reduced by at least 50%, sudbi as by at least 75% or an even 
higher percentage. 

Of particular interest is a pharmaoewtical composition comprismg an IFNB polypeptide that 
courses the substitution C17S (relative to SEQ ID NO 2), the composition being substantially 
free from a stabilizer. 

The IFNB polypeptide accordmg to this aspect may be any glycosylated IFNB free from 
a free cysteine, and may, e.g., by any of the parent IFNB molecules, the polypeptide part of a 
conjugate (glycosylated and optionally conjugated to a second non-polypeptide moiety), or a 
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glycosylated variant as described herein (i.e. in the sections "Conjugate of the invention 
accoiding to PCT/DKOO/00471 wherein the non-poljrpeptide moiety is a sugar moiety" or 
"Variants with increased glycosylation"). When the IFNB polypeptide is derived from human 
IFNB it has an amino acid residue difieraat fiom cysteine in position 17, and comprises, e.g,, 
the mutation CI 7S. 

The stabilizer which is reduced or not present may be any of those mentioned in the 
sections below. For instance, the stabilizer is HAS or a non-ionic surfectant such as Tween, e.g. 
Tween 20 or Tween 80. 

Parenterals 

An example of a pharmaceutical composition is a solution designed for parenteral 
administration. Although m many cases pharmaceutical solution formulations are provided m 
liquid form, appropriate for immediate use, such parenteral formulations may also be provided 
in fix)zen or m lyophilized form. In the former case, the composition must be thawed prior to 
use. The latter form is oftrai used to enhance the stability of the active compound contained in 
tiie composition under a wider vari^ of storage conditions, as it is recognized by those skilled 
in the art that lyophilized preparations are generailly more stable than their liquid counterparts. 
Such lyophilized preparations are reconstituted prior to use by the addition of one or more 
suitable pharmaceutically acceptable dilumts such as sterile water fitr injection or sterile 
physiological saline solutton. 

In case of paienteEals, they are prepared for storage as lyophilized formulations or 
aqueous solutions by mixing, as appropriate, Ihe polypeiptide having the desired degree of 
purilywith one or more pharmaceutically aocqjtable carriers, excipients or stabilizers typically 
e!nq)loyed in the art (all of which are termed "excipiedits"), for example bufEering agents, 
stabilizing agents, preservatives, isotonifiers, non-ionic detergents, antioxidants and/or other 
miscellaneous additives. 

Buffering agents help to maintain &e pH in the range which approxunates physiological 
conditions. They are typically present at a concentration ranging fiom about 2 mM to about 50 
mM Suitable buffering agents for use with the present invention include both organic and 
inorganic acids and salts thereof such as citrate buffers (e.g., monosodium citrate-disodium 
citrate mixture, citric acid-trisodium citrate mixture, citric acid-monosodium citrate mixture, 
etc.), succinate buffers (e.g., succinic acid-monosodium succinate mixture, succinic add- 
sodium hydroxide mixture, sucdnic add-disodium succinate mixture, etc.), tartrate buffers 
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(e.g., tartaric add-sodiran tartrate mixture, tartaric add-potassium tartrate mixture, tartaric add- 
sodium hydroxide mixtore, etc.), fiimaraite buffets (e.g., fiimaric add-monosodium fbmarate 
mixture, fumaric add-disodium fiimarate mixture, monosodium furoarate-disodhmi fiimarate 
mixturei, etc.), gluconate buffers (e.g., gluconic acid-sodium glyconate mixture, gluconic add- 
sodium hydroxide mixture, gluconic add-potassium gl3raconate mixture, etc.), oxalate buffer 
(e.g., oxalic add-sodium oxalate mixture, oxalic add-sodtum hydroxide mixture, oxalic acid- 
potassium oxalate mixture, etc.), lactate buffers (e.g., lactic add-sodium lactate mixture, lactic 
acid-sodiura hydroxide mixture, lactic add-potassium lactate mixture, etc.) and acetate buffers 
(e.g., acetic add-sodium acetate mixture^ acetic add-sodium hydroxide mixture, etc.). 
Additional possibilities are phosphate buffers, bistidine bufiets and trimethylamine salts sudi as 
Tris. 

Preservatives are added to retard microbial growth, and are typically added in amounts of about 
0.2%-l% (v//y). Suitable preservatives for use with the present invention include phenol, baizyl 
alcohol, meta-cresol, methyl paraben, propyl paraben, octadecyldimethylben2yl anamonium 
dsloride, benzalkonhim halides (e.g. beaizalkonium chloride, bromide or iodide), 
hexamethoaimn chloride, aHiyl parabens such as methyl or propyl paraben, catediol, resordnol, 
cydohexanol and 3-pentanol. 

Isotonidfiers aie added to ensure isotonidty of liquid compositions and indude polyhydric 
sugar alcohols, preferably trihj^c or higher sugar alcohols, sudi as glycerin, ecythritol, 
arabitol, xylitol, sorbitol and mannitoL Polyhydric alcahds can be present in an amount 
between 0.1% and 25% by wdght, typically 1% to 5%, taking into acoomrt the relative amounts 
of the other ingrediexLts. 

Stabilizers refer to abroad category of excipients which can range in function fiom a buUdng 
agent to an additive which solubitizes the therapeutic agent or hdps to prevent denatuiafion or 
adherrace to the container walL Typical stabilizers can be polyhydric sugar alcohols 
(numerated above); amino adds such as arginine, lysine, glydne, glutamine, asparagine, 
histidine, alanine, omithine, L-leudne, 2-phenylalamne, glutamic add, threonine, etc., orgsnic 
sugars or sugar alcohols, such as lactose, trehalose, stachyose, mannitol, sorbitol, xylitol, ribitol, 
myoinisitol, galactitol, glycerol and the like, including cycUtols sudi as inositol; polyethylene 
glycol; amino add polymers; sulfur-containing reducing agents, such as urea, glutafhione, 
fhioctic add, sodiimi Ihioglycolate, thioglycerol, a-monothioglycerol and sodium tbiosulfete; 
low molecular wdght polypeptides (i.e. <10 residues); proteins such as human serum albumin, 
bovine serum albumin, gdatm or inmimioglobulins; hydtophilic polymers such as 
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polyvinylpyrrolidone; monosacciharides sudi as xylose, mannose, fructose and glucose; 
disacchaiides sucli as lactose, maltose and sucrose; trisacchsrides such as ra£Gnose> and 
polysaccharides such as dextran. Non-ionic surfactants or detergents (also known as "writing 
agents") may be present to help solubilize the Uier^eutic agent as well as to protect the 
therapeutic polypeptide against agitation-induced aggregation, which also permits the 
formulation to be exposed to shear surface stress without causmg denaturation of the 
polypeptide. Suitable non-ionic surfectants indude polysorbates (20, 80, etc.), polyoxamers 
(184, 188 etc.), Pluionic® polyols,polyoxyethylenesoibitanmonoethers (Tween®-20, 
Tween®-80, etc.). 

Stabilizers are ^ically present in the range of from 0. 1 to 1 0,000 parts by weight based 
on the active protdn weight, but may be reduced or absent in case of a pharmaceutical 
oonrposition of the invention as defined in the section entitled 'Tliarmaoefutical composition 
compnsmg an IFIJ^B polypeptide without free cysteine". 

Additional miscellaneous excipients indude bulking agents or fillers (e.g. stardi), dielating 
agemts (e.g. EDTA), antioxidants (e.g., ascorbic add, meliiiomne, vitamin E) and cosolvents. 
The active ingredient may also be entraprped in microcapsules prepared, for example, by 
ooasoervation tecliniques or by interfricial polymerization, fi>r exan^e hydioxymetfaylcellulose, 
gelatin or poly-(mefhyhnethacylatB) microcapsules, in colloidal drug delivery systems (fiwr 
example liposomes, albumin microsplieres, microemulsions, nano-partides and nanocapsules) 
or in macroemdsions. Such techniques ate disclosed in Remington's Pharmacoitical Sdences, 
stg?ra. 

Paremteral fotmulations to be used for in vivo administration must be sterile. This is 
readily accomplished, for example, by filtration through sterile filtratioaa membranes. 

Sustained release preparations 

Suitable examples of sustained-release preparations include semi-permeable matrices of 
solid hydrophobic polymers containing the molecule of the invention, the matrices having a 
suitable form such as a film or microcapsules. Examples of sustained-release matrices include 
polyesters, hydrogels (for example, poly(2-hydroxye{hyl-methacrylate) or poly(vinylalcohol)), 
polylactides, copolymers of L-glutamic add and ethyl-L-glutamate, non-degradable ethylene- 
vinyl acetate, degradable lactic add-glycolic add copolymers such as the ProLease® 
technology or Liqaron Depot® (injectable microspheres conqrosed of lactic add-glycolic add 
copolymer and leuproHde acdate), and poly-D-(-)-3-hydroxybutyric add. While polymers such 
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as ethylene-vinyl acetate and lactic acid-glycoKc add enable release of molecules jfor long 
periods such as trp to or over 100 days, certain hydrogels release pjwteins Jfor shorter time 
periods. When encapsulated polypeptides remain in the body for a long time, fhey may denature 
or aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological activity 
and possible changes in immunogenicity. Rational strategies can be devised for stabilization 
depending on the mechanism involved. For example, if the aggregation mechanism is 
discovered to be intennolecular S-S bond formation through thio-disulfide interchange, 
stabiUzation may be achieved by modifymg sulfhydiyl residues, lyophilizing fix)m acidic 
solutions, controlling moisture content, using appropriate additives, and developing specific 
polymer matrix compositions. 

Pulmonary delivery 

Conjugate or polypqttide formulations suitable for use with a nebulizer, either jet or ultrasonic, 
will typically comprise the molecule dissolved in water at a concentration o^ e.g., about 0.01 to 
25 mg of conjugate per mL of solution, preferably about 0.1 to lOmg/mL. The formulation 
may also include a bufier and a simple sugar (e.g., for protein stabilization and regulation of 
osmotic pressure), and/or human serum albtnnia ranging in concentration fiom 0.1 to 1 0 mg^. 
£xan:^les of buffers that may be used are sodium acetate^, citrate and glycine. Preferably, the 
buffer has a composition and molarity suitable to adjust Ihe solution to a pH in the range of 3 to 
9. Generally, bufier molarities of from 1 mM to 50 mM are suitable for this purpose. Examples 
of sugars which can be utilized are lactose, maltose, mannitol, sorbitol, trehalose^ and xylose, 
usually in amounts ranging from 1% to 10% by weight of the foimulation. 

. The ndiulizer foxmulation may also contain a sur&ctant to reduce or prevent surface 
induced aggregation of the protein caused by atomization of the solution in forming the aerosol. 
Various conventional suifectants can be en^loyed, such as polyoxyethjdene fatty add esters 
and alcohols, and polyoxydhylene sodritan fatty acid esters. Amounts generally range between 
0.001% and 4% by weight of the formulation. An especially preferred surfactant for purposes of 
this invention is polyoxyethylene sorbitan monooleate. 

Specific formulations and methods of generating suitable dispersions of Hquid particles 
of the mvention are described in WO 9420069, US 5915378, US 5960792, US 5957124, US 
5934272, US 5915378, US 5855564, US 5826570, and US 5522385 which are hereby 
incorporated by reference. 
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Three specific exaxnples of commercially available nebulizers suitable &r the practice 
of tiiis invention are the Ultravent nebulizer, manufactured by MalHnckrodt, Inc., St Louis, 
Mo., the Acorn n nebulizer, maniifactured by Marquest Medical Products, Englewood, 
Colorado, and the AERx pulmonary drug delivery system manufectured by Aiadigm 
Corporation, Hayward, California. 

Formulations of the invention for use with a metered dose inhaler device generally 
comprise a finely divided powder. This powder may be produced by lyophilizing and then 
milling a liquid formulation and may also contain a stabilizer such as human serum albumin 
(HSA). Typically, more' than 0.5% (w/w) HSA is added. Additionally, one or more sugars or 
sugar alcohols may be added to the preparation if necessary. Examples include lactose maltose, 
mannitol, sorbitol, sorbitose, trehalose, xylitol, and xylose. The amount added to the 
fonndation can range fiom about 0.01 to 200% (w/w), preferably fiom approximately 1 to 
50%, of the conjugate present. Sucii fbmiulations ace then lyophilized and milled to the desired 
particle size; 

The properly sized particles are then suspended in a prppellant with the aid of a 
surfactant The piopellant may be any conventiDnal material eirployed for this purpose, such as 
a cihloiofluoroearbon, a iydrocMorofluorocarbon, a hydrofluoiDcarbon, ox a hydiocarban, 
including trichlorofhioromethane, didblorodifluoromethane, dicfalorotetraQuoroethanoI, and 
1,1,1,2-tetrafluaroethanei, car oombinations thereof Suitable surfactants include sorbitan 
trioleate and soya lecithin. Oleic acid may also be useful as a sur&ctant This mixture is then 
loaded into the delivery device. An example of a oommeidally available metered dose inhaler 
suitable for use in the present invention is the Ventolin metered dose inhalear, manufactured by 
Qlaxo Inc., Research Triangle Paik, N.C. 

Such fomnilations for powder iiihaleiis will comprise a finely divided dry powder 
containing the IFNB molecule and may also include abulldng agent, such as lactosei, sorbitol, 
sucrose, or mannitol in amourris which fedUtate dispersal of the powder firom the device, e.g., 
50% to 90% by weight of the formulation. The particles of the powder shall have aerodynamic 
properties in the Ixing corresponding to particles with a density of about 1 g/ran^ having a 
median diameter less than 10 micrometers, preferaibly between 0.5 and 5 micrometers, most 
preferably of between 1.5 and 3.5 micrometers. 

An example of a powder inhaler suitable for use in accordance with the teachings herein 
is the Spinhaler powder inhaler, manufactured by Fisons Corp., Bedford, Mass. . 
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The powders for these devices may be geaerated and/or delivered by methods disclosed 
in US 5997848, US 5993783, US 5985248, US 5976574, US 5922354, US 5785049, US 
6,123,936 and US 55654007. 

The pharmaceutical composition containing the molecule of the invention may be 
administered by a wide range of mechanical devices designed for pulmonary delivay of 
therapeutic products, including but limited to nebulizers, metered dose inhalers, and powder 
inhalers, all of which are familiar to those of skill in the art. 

Some specific examples of commercially available devices suitable for the practice of 
this invention are the Ultravent nebulizer, manufactured by MaUinckrodt, lac, St. Louis, 
Missouri; the Acom II nebulizer, manufactured by Marquest Medical Products, Englewood, 
Colorado; the Vraitolin metered dose inhaler, manufactured by Glaxo Iqc, Research Triangle 
Park, North Carolina; the Spinhaler powder inhaler, manufactured by Fisons Corp., Bedford, 
Massachusetts; the "standing doud'* device of Inhale Theaspeutic Systems, Inc., San Carlos, 
Califomia; the AIR inhaler manufactured by Alkennes, Cambridge^ Massachusetts; and the 
AERx puknonary dnig delivery system mamifectured by Aradigm Coiporatioii, Hayward, 
CaHfoirma. 

The pharmaceutical coniposilioin of the mvention and the invention according to 
PCr/DKOO/00471 may be administered in conjunction with other therapentio agents. These 
agents may be incorporated as part of the same pharmaceutical composition or may be 
administered separately ftom the IFNB molecule of the invention, either concurrently or ui 
accordance with any other aoceptable treatment schedule. Li addition, the molecule or 
pharmaceutical composition of the invention may be used as an adjunct to other therapies. 

Accordingly, ibis invention provides compositions and methods for treating most types 
of viral infections, cancers or tumors or tumour angiogenesis, Qirofan's disease, ulcerative 
colitis, Guillain-Barr6 sjmdrome, glioma, idiopathic pulmonary fibrosis, abnomial cell growth, 
or for immunomodulation in any suitable animal, preferably ma3xunal, and m particular human. 
For example, the molecule or composition of the invention or the invention according to 
PCT/DKOO/00471 maybe used in the treatment of osteosarcoma, basal cell carcinoma, ovarian 
carcinoma, cervical dysplasia, cervical carcinoma, laryngeal papillomatosis, mycosis fungoides, 
glioma, acute myeloid leukemia, multiple myeloma, Hodgjan's disease, melanoma, breast 
carcinoma, non-small cell lung cancer, malignant melanoma (adjuvant, late stage, as well as 
prophylactic), carcinoid tumour, B-cell lymphoma, T-cell lymphoma, follicular lymphoma, 
Kaposi's sarcoma, chronic myelogenotis leukaemia, renal cell carcinoma, recurrent superfiedal 
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bladder cancer, colorectal carcinoma, haiiy cell leukaemia, and viral infections such as 
papilloma virus, viral hqpatitis, heipes genitalis, herpes 2X)ster, herpetic keratitis, herpes 
simplex, viral encephalitis, C3^omegalovirus pneumonia, rMnovirus chronic persistent hepatitis, 
chronic active HCV (type I), chronic active HCV (type 0) and chronic hepatitis B. 

In this connection, a conjugate according to PCT/DKOO/00471 or a variant according to 
the present invention may be used for CML monotherapy or in combination with cytarabnCj for 
B-cell lymphoma monotherapy or in combination with doxonibicin-based regimens, for 
follicular lymphoma therapy as an adjunct to CHOP-Iike regimen, for hepatitis C monotherapy 
or in combination with ribavirin, for multiple myeloma moiiDtherapy or in combination with 
VBMCP, BCNU or VBMCP + KCy, or for renal carcinoma monotherapy or in conabumtion 
with Vmblastine, floxuridine, 5-finoruouracil orIL-10. 

In particular the molecule or composition of tiie invention may be used for the treatment 
of multiple sclerosis (MS), such as any of the generally recognized four types of MS (benign, 
rdapsing remitting MS (EIRMS), primary progressive MS (PPMS) and secondary progressive 
MS (SPMS)) and for monosymptomatic MS), cancer or tumours, hepatitis, e.g. hepatitis B and 
hepatitis C, or a herpes infection (the latter treatiDoent optionally being combined with a 
treatment with IL-10). 

In a fijrfha: aspect the invention relates to a method of treating a mammal having 
circulating antibodies against IFNB la, such as Avcnex™ or Rebifig), or lb, such as 
Betaseron®, which, method comprises administering a variant of the invention which has a 
reduced or no reaction with said antibodies. The compound is administered in an effective 
amount The manamal is prefcdsbly a human being. The mammals to be treated may sufier from 
any of the diseases listed above for which mterferon |3 is a useM treatment. In particular, this 
aspect of the invention is of interest for the treatment of multiple sdetosis (any of the types 
listed above), hepatitis or cancer. Furfhermorei the invention relates to a method of making a 
pharmaceutical product for use in treatment of mammals having drculating antibodies against 
interferon P la, such as Avonex™ or RebifB, or lb, such as Betaseron®, wherem a variant of 
the present invention whidbi has reduced reaction or no reaction with such, circulation antibodies 
(e.g. flie reaction is reduced by at least 25%, such as by at least 50%, and preferably by at least 
75% such as about 100% (i.e. no reaction) is formulated into an injectable or otherwise suitable 
formulation as further described above. The terra "circulating antibodies" is intended to indicate 
antibodies, m particular neutralizing antibodies, formed in a mammal in response to having 



wo 02/074806 



67 



PCTADK02/00128 



been treated with any of the commerciaUy available IFNB preparations (Rebi^ Betaseton, 
Avonex). 

In a further aspect flie invention relates to a method of treating a patient in need of 
treatment with a pharmaceutical composition with at least some of the thers^jeutically beneficial 
properties of IFNB (e.g. a patient suffering fixsm any of the diseases meirtioned herein which is 
treatable by IFNB) comprising administering a composition comprising a variant of the 
invention, said treatment having reduced or removed adverse psychological effects as, compared 
to treatment with current commercial IFNB products. In a still further aspect the invention 
rdates to a pharmaceutical composition useful for such treatment. 

Also contemplated is use of a nucleotide sequence encoding a polypeptide variant of the 
invention in gene therapy applications. In particular, it may be of interest to use a nucleotide 
sequence encoding a polypeptide as described in the section above entitled "Variants witii 
increased glycosylation" or "Variants with specific amino acid substitutions" or "Variants 
which aer jSision proteins". The glycosylation of thepolypqptides is thus achieved during the 
course of the gene therapy, Le, after expression of the nucleotide sequence in the human body. 

Gene therapy applications contemplated include treatmcait of those diseases in which the 
polypeptide is expected to provide an effective fbsrapy due to its antiviral activity, e.g., viral 
diseases, including hqpatitis such as hepatitis C, andparticulaily HPV, or other infectious 
diseases that are responsive to IFNB or infectious agents seaisitive to IFNB. Furffaennore, the 
conjugate or polypeptide of the invoition may be used iu tihie treatment of ohionio inflamm atory 
demyelinating polyradiculoneuropathy, and of severe necrotising cutaneous lesions. Also, gene 
theiapy in connection with the treatment of any MS type is contemplated. Similarly, tins 
invention contemplates gene therapy applications immunomodulation, as well as in the 
treatment of those diseases in wHch IFNB is expected to provide an effective therapy due to its 
antiproliferative activiiy, e.g., tumors and cancers, or other conditions characterized by 
nndesired cell piolifetation, such as restenosis. A furtiiar description of such gene therapy is 
provided in WO 95^25170. 

Local delivery of IFNB using gene therapy may provide the therapeutic agent to the 
target area while avoiding potential toxicity problems associated with non-spedfic 
administration. 

Botii in vitro and in vivo gene therapy methodologies are contemplated. 
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Several methods for transfening potentially th^peutic geaes to defined cell 
populations are known. For further reftarenoe see, e.g., MuUigan, '^e Basic Sdence Of Gene 
Therapy", Sdraioe, 260, pp. 926-31 (1993). These methods include: 

Direct gene transfer, e,g., as disclosed hy Wolff et al., *l>irect Gene transfsr Into Mouse 
Musde In vivo", Science 247, pp. 1465-68 (1990); 

Liposome-mediated DNA transfer, e-g., as disclosed by Caplen et al., "Liposome- 
mediated CFTR Gene Transfer to the Nasal Epithelium Of Patients With Cystic Fibrosis" 
Nature Med., 3, pp. 39-46 (1995); Crystal, "The Gene As A Drug", Nature Med., 1, pp.- 15-17 
(1995); Gao and Huang, "A Novel Cationic Liposome Reagent For Efficient Transfection of 
Mammalian Cells", Biochem.Biophys Res. Comm., 179, pp. 280-85 (1991); 

Retrovirus-mediated DNA transfer, e.g., as disclosed by Kay et al., "In vivo Gene 
Hierapy of HemophiUa B : Sustained Partial Correction In Factor DC-Defident Dogs", Sciaice, 
262, pp. 117-19 (1993); Anderson, "Human Gene Therapy", Science, 256, pp.808-13(1992); 

DNA Virus-mediated DNA transfer. Such DNA viruses include adenoviruses 
(preferably Ad-2 or Ad-5 based vectors), herpes viruses (preferably herpes simplex virus based 
vectors), and parvoviruses (preferably "defective" or non-autonomous parvovirus based 
vectors, more preferably adeno-associated vims based vectors, most preferably AAV-2 based 
vectors). See, e.g., Ali et al., "Hie Use Of DNA Viruses as Vectors for Gene Hierapy", Gene 
Therapy, 1, pp. 367-84 (1994); US 4,797,368, and US 5,139,941. 

The invention is further described in the following examples. The eatamples should not, 
in any maimer, be undea^stood as limiting the geaoerality of the present specification and claims. 

MATERIALS AND METHODS 

The present section is redevant for the pacts of the disdosure relating to PCT/DKOO/00471 as 
well as the disclosure relating to the present invention. 

Materials 

HeLa cells - (available from American T^e Culture Collection (ATCC) 

ISRE-Luc (Stratagene, La Jolla USA) 

pCDNA3.1/hygro (Invitrogen, Carlsbad USA) 

pGL3 basic vector (Promega) 

Human genomic DNA (CloneTech, USA) 
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DMEM medixan: Dulbecco's Modified Eagle Media (DMEM), 10% fetal bovine serum 
(available fi:om Life Technologies A/S, Copex^iagen, Denmatk) 

Assays 

5 Iiiterferon Assay Outline 

It has previously been published that IFNB interacts with and activates Interferon type I 
receptors on HeLa cells. Consequently, transcription is activated at promoters containing an 
Interferon Stimulated Response Element (ISRE). It is thus possible to screeai for agonists of 
interferon receptors by use of an ISRE coupled lud&rase reporter gene (ISRE-luc) placed in 
10 HeLa cells. 

Primary Assay 

HeLa cells are co-transfected with ISRE-Luc and pCDNA 3.1/hygro and foci (ceU clones) are 
created by selection in DMEM media containing Hygromycin B. CeU clones are screened for 

15 lucifetase activity in the presence or absence of IFNB. Those clones showing the highest ratio 
of stimulated to imstfanulated lucifeiase activity are used in fiirther assays. 

To screen mutetnsi, 15,000 ceUs/well are seeded in 96 weU culture plates and incubated 
ovemigiht an DMEM media. The nssA day mutems as well as a known standard are added to the 
cells in various concentrations. The plates are incubated for 6 hours at 37°C in a 5% CO2 air 

20 atmoEphrae LucLite substrate (Packard Biosdenoe, Gtoningen The Netherlands ) is 

subsequently added to each well. Plates are sealed and luminescence measured on a TopCount 
luminometa: (Packard) in SPC (single photon counting) mode. Each individual plate contains 
wdls incubated with IFNB as a stimulated control and other wells containing normal media as 
an imstimulated ocmizDl. The ratio between stimulated and unstunulated ludfarase activity 

25 serves as an internal standard for both mutein activity and expeaiment-to-expeiiment variation. 

Secondary Assay 

Currently, there are 18 non-allelic interferon a genes and one IFNB gene. These 
proteins exhibit overlapping activities and tiius it is critical to ensure that muteins retain the 
30 selectivity and specificity of IFNB. 

The p-Rl gene is activated by IFNB bnt not by other intotferons. The transciption of P- 
Rl thus serves as a second marker of IFNB activation and is used to ensure that muteins retain 
n^NB activity. A 300 bp jnomoter fragment of p-Rl shown to drive interferon sensitive 
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transcripticai (Rani. MR. et al (1996) JBC 271 22878-22884) was isolated by PGR from ituman 
genomic DNA and inserted into the pGL3 basic vector OPromega). The resulting p- 
Rl :luciferase gene is used in assays similar to the primary assay described above. In 
astrocytoma cells, the resulting P-Rl rludferase gene has been described to show 250 fold 
5 higher sensitivity to IFNB than to interferon a (Ram et al. op dt). 

ELISA assay 

The concentration of IFNB is quaatitated by use of a commercial sandwich 
immunoassay CPBL Biomedical Laboratories, New Bmnswidc, NJ, USA). The kit is based on 
10 an ELISA with monoclonal mouse anti-IFN-p antibodies for catching and detection of IFN-P m 
test samples. The detecting antibody is conjugated to biotirL 

Tests samples and recombinant hmnan IFN-p standard are added in 0.1 mL in 
concentrations from 10-025 ng/inL to microtiter plates, precoated with catching antibody. The 
plates are incubated at RT feir 1 hr. Samples and standard are diluted in Mt dilution bu£fer. 
15 The plates are washed in the kit buffer and incubated with the biotinylated detecting 

antibody in 0.1 mL for 1 hr at RT. Afier another wash the streptavidin-horseradislipeFoxidase 
coqjugate is added in 0.1 mL and incubated for 1 hr at RT. 

The reaction is visualised by addition of 0.1 mL Tetramethylbenzidine (TMB) substrate 
cfaromogen. The plates are incubated for 15 minutes in the dark at RT and the reaction is 
20 stopped by addition of stop solution. The absofbanse is read at 45Qmn using an ELISA reader. 

Receptor binding assay 

The receptor binding capability of a polypeptide or conjugate of the invention can be 
determined using the assay described in WO 95/25170 entitled "Analysis Of IFN-P(Pheioi) For 
25 Receptor Binding"(which is based on Daudi or A549 cells). Soluble domains of IFNARl and 
IFNAR2 can be obtained essentially as described by Arduini et al. Protein Science, 1999, vol. 8, 
1 867-1877 or as described in Example 9 herein. 

Alternatively, the receptor binding capabihty is determined using a crosslinking agent 
such as disuccinimidyl suberate pSS) available from Pierce, Rockford, IL, USA as follows: 
30 The polypq)tideoc conjugate is incubated with sohibleIFNAR-2 receptor in the 

presence or absence of DSS in accordance with the manufacturer's instructions. Samples are 
. separated by SDS-PAGE, and a western blot using anti-IFNB or anti-IFNAR2 antibodies is 
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perfoimed. The presence of a fimctional IFNB polypeptide/conjugate: receptor interaction is 
apparent by an increase in the molecular size of receptor and IFNB in tiie presence of DSS. 

Furfhermore, a crosslinking assay using a polypeptide or conjugate of the invention and 
botii receptor subunits (lFNAR-1 and IFNAR-2) can establish Interferon receptor 1 binding 
ability. In this connection it has been published that IFNAR-1 binds only after an inteacferon P: 
IFNAJt-2 complex is foimed (Mogensen et al.. Journal of Interferon and Cytokine Research, 
19:1069-1098, 1999). 

In vitro immunogenicity tests of interferon JS conjugates 

Reduced imnaunogenicity of a conjugate or polypeptide of the invention is determined 
by use of an ELISA method measuring the immunoreactivity of the conjugate or polypeptide 
relative to a reference molecule or preparation. The reference molecule or preparation is 
normally a recombinant human IFNB preparation such as Avonex, Rebif or Betaseron, or 
another recombinant human IFNB preparation produced by a method equivalent to the way 
these products are made. The ELKSiA method is based on antibodies fiom patients treated with 
one of these recombinant IFNB preparations. The immunogenicity is considered to be reduced 
when the conjugate or polypeptide of the invention has a statistically significant lower response 
in tiie assay Ihan the reference molecule or preparation. 

Another method of determining immunogenicity is by use of sera ftom patients treated 
with IFNB (ie. any commerdal IFNB product) in an analogous manner to that descdbed by 
Ross et aL J. Clin Invest 95, 1974-78, 1995. In the antiviral neutralisation bioassay reduced 
immunogenicity results in reduced inhibition of a conjugate of the invention by patient sera 
conq>ared to a wt IFNB reference molecule. Furthermore, in the biocSiemical IFN binding assay 
a less immunogenic conjugate is expected to bind to patient IgG to a lesser etxlent than 
reference IFNB molecules. 

For flie neutralisation assay, the reference and conjugate molecules are added in a 
concentration that produces proximately 80% virus protection in the antiviral neutralisation 
bioassay. The IFNB proteins are mixed with patient sera in various dilutions (starting at 1 :20). 

Antiviral activity 

The antiviral bioassay is performed using A549 cells (CCL 185, American tissue culture 
collection) and Encephalomyocarditis (EMC) virus (VR-129B, American tissue culture 
collection). 
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The cells are seeded in 96 well tissue culture plates at a coiicentration of 10,000 
cells/well and incubated at ST'C in a 5% CO2 air atmosphere. A polypeptide or conjugate of Ihe 
■ invention is added in concentrations fiom 100-0.0001 lU/mL in a total of lOOjil DMEM 
medium containing fetal calf serum and antibiotics. 
5 After 24 hours the medium is removed and 0. 1 mL firesh medium containing EMC virus 

is added to each well. The EMC virus is added in a concentration that causes 100% cell dealb. in 
IFN-P free cell cultures after 24 hours. 

After another 24 hrs, the antiviral effect of the polypeptide or conjugate is measured 
using the WST-1 assay. 0.01 mL WST-1 (WST-1 cell proliferation agent, Roche Diagnostics 
10 GmbH, Marmheim, Germany) is added to 0. 1 mL culture and incubated for Vi-2 hours at 37°C 
in a 5% CO2 air atmosphere The cleavage of the tetrazolium salt WST-1 by mitochondrial 
dehydrogenases in viable cells results in the formation of fbimazan that is quantified by 
measuring &e absorbance at 450 mo. 

15 NeutralisaHon of acttvity in Interferon Stimulated Response Element (LSRE) assay 

The IFNB neutraliEdng e£Eect of anti-IFNB sera are analysed using the ISRE-Ludferase 
activity assay.' 

Sera from IFNB treated patieats or fiom immunised animals are used. Seca are added 
eifiier in a fixed concentration (dilution 1 :20-l :500 (pt sera) or 20-600 ng/inL (animal sera)) or 
20 in five-fold serial dilations of sera starting at 1/20 (pt sera) or 600 ngfaiL (animal sera). IFNB is 
added either in five fold-dilutions starting at 25.000 lU/naL or in a fixed concentration (0.1-10 
lU/mL) in a total volume of 80^1 DMEtwI medium + 1 0% PCS. The sera are inoibated for 1 hr. 
at37'*CwithIFN-p. 

The samples are then transferred to 96 well tissue culture plates containing HeLa cells 
25 transfected with ISRE-Luc grown fiom 24 hrs before (1 5,000 cells/well) inDMEM media. The 
cultures are incubated for 6 hours at 37°C in a 5% CO2 air atmosphere. LucLite substrate 
(Packard Bioscience, Grordngen, The Netherlands) is subsequraitly added to each well. Plates 
are sealed and Itmiinescence measured on a TopCount luminometer (Packard) in SPC (single 
photon counting) mode. 
30 "When IFNB samples are titrated m. liie presence of a fixed amount of serum, the 

neatraHsing effect was defined as fold inhibition (FI) quantified as EC50(w. serum)/EC50 (w/o 
serum). The reduction of antibody neutralisation of IFNB variant proteins is defined as 
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FI valiant 
(1 - ) X 100% 

n-wt 

Biological half-life measurement of a PEG-IFNB conjugate or glycosylated WNB variants 
Measurement of biological half-life can be carried out in a number of ways described ia 

the literature. One method is described by Munafo et al (European Journal of Neurology 1998, 

vol 5 No2 p 187-1 93), who used an ELISA mdhod to detect serum levels of IFNB after 

subcutaneous and intramuscular administration of IFNB. 

The rapid decrease of IFNB serum concentrations after i.v. administration has made it 

important to evaluate biological responses to IFNB treatment. However it is contemplated that 

the conjugates of the present invention will have prolonged serum half lifes also after i.v. 

adnainistration making it possible to measure by e.g. an ELISA method or by the primary 

screening assay. 

Di&rent pharmacodynamic markers (e.g. serum neupterin and beta2 microglobulin) 
have also been studied (Clin Drug Invest (1999) 18(l):27-34). These can equally well be used 
to evaluate prolonged biological effect These e3q>eaiments may also be carried out in suitable 
animal species, e.g. rats. 

Assays to assess the biological effects of IFNB such as antiviral, antiproliferative and 
immimoniodulatoiy effects (as described in e.g. Annals of Neurology 1995 vol 37 No 1 p 7-15) 
can be used together with the primary and secondary screening assays described herein to 
evaluate the biological efScacy of the conjugate in comparison to wild type IFNB. 

Finally an atn'mal model such as fhe commonly used experimeolal autoimmune 
encephalomyelitis (EAE) model can be used to establish d^cacy of a conjugate or polypeptide 
of the invention. In Ihe EAE model immunization with myelin or myelin derived proteiiis didts 
a disease nunuddng the majorily of Has inflammatoiy and neurologic features of multiple 
sclerosis in humans. EAE has been used in nucei, lats, rabbits, and marmosets (Cannella et al. 
PNAS, 95, 10100-5, 1998, Zaprianova et al. Morfologiia, 112, 25-8, 1997, Hassouna et al. 
J.Urology, 130, 806-10, 1983, Genain & Hauser J. Mol. Med, 75, 187-97,1997). Oliifirmodels 
include Theiler's murine encephalomyelitis virus (IMEV) model (Murray et al. JJfeuiosci. 18, 
7306-14, 1998). will be used to establish efficacy of liie IFNB conjugate. 



Accessible Surface Area (AgA) 
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The compoter program Access (B. Lee and F JnI.Richards, J. MoLBiol. 55: 379-400 
(1971)) version 2 (Cppyri^t (c) 1983 Yale UnivCTsity) are Tised to conrpute the accessible 
surface area (ASA) of tiw individual atoms in the structure. Iliis method typically uses a probe- 
size of 1.4A and defines the Accessible Surface Area (ASA) as the area formed by the ceaitre of 
the probe. Prior to this calculation aU watsr molecules and all hydrogeai atoms are removed 
3Brom the coordinate set, as are other atoms not directly related to the protein. Alternative 
programs are available for computing ASA, e.g. the program Whatif G.Vriend, J. Mol. Graph. 

(1990) 8, 52-56, electronically available at the WWW interface on ht1p://swift.embl- 
heidelberg.de/servers2/ (R.Rodriguez et.aL CABIOS (1998) 14, 523-528.) using the option 
Accessibility to calculate the accessible molecular sur&ce. 

Fractional ASA of side chain 

The fiactional ASA of the side chain atoms is computed by division of the sum of the 
ASA of the atoms in the side chain with a value representing tihe ASA of the side chain atoms 
of that residue type in an extended ALA-x-ALA tripeptide. See Hubbard, Campbell & Thornton 

(1991) J.Mol.Biol.220,507-530. Far this example the CA atom is regarded as a part of the side 
chain of Glycine residues but not fin: the remaining residues. The following table indicates the 
1 00% AS A standard for the side chain: 



Ala 


69.23 


Arg 


200.35 


Asn 


106.25 A^ 


Asp 


102.06 A^ 


Cys 


96.69 A^ 


Gin 


140.58 A^ 


Glu 


134.61 A^ 


Gly 


32.28 A^ 


His 


147.00 A^ 


He' 


137.91 A^ 


Leu 


140.76 A^ 


Lys 


162.50 A^ 


Met 


156.08 A^ 


Phe • 


163.90 A=^ 
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Pro 1 19.65 
Ser 78.16 
Thr 101.67 A^ 
Tip 210.89 A^ 
Tyr 176.61 A^ 
Val 1 14.14 A^ 

Detennining surface exposed amino add residues 

The three-dimensional aystal strucstare of human IFNB at 22. A resolution (Kaipusas et 
al Proc. Nat Acad. Sd. USA (1997) 94:11813-11818 is available from the Protdn Data Bank 
5 (PDB) (Bernstein etal. J. Mol. Biol. (1977) 1 12 pp. 535) and electronically available via The 
Research Collaboratory for Structural Bioinformatics PDB at http://www.pdb.org/ under 
accession code lAUl. This crystal structure contain two independent molecules of human 
IFHB in this example the A molecule is used. 

10 Surface exposure: 

Using the Whatif program as described above the following residues were found to have 
ZCTO surface accessibility for their side chain atoms (for Gly the accessibility of the CA atom is 
used): G7, N14, C17, L21, 144, A55, A56i T58, 159, M62, L63, L98, L122, Y125, 1129, L133, 
A142, W143, V146, 1150, N153, 1157, L160, T161, and L164. 

15 Fractional surface exposure 

For further analysis it was necessary to remodel the side chains of residues R71, Rl 13, 
Kl 15, L116, Ml 17 due to steric clashes. The remodelling was done using Modeler 98, MSI 
INC. Performing fractional ASA calculations using the Access oon^uter program on the 
remodelled IFNB molecule (only including the amino add residues and ^eluding the N-linked 

20 ' sugar moiety) resulted in the following residues having more than 25% of thdr side chain 
. exposed to the surface: S2, K4, L5, F8, L9, Rl 1, S12, F15, Q16 Q18, K19, W22, Q23, C326, 
R27, L28, E29, Y30, L32, K33, R35, M36, N37, D39, E42, K45, Q46, L47, Q48, Q49, Q51, 
K52, Q64, A68, R71, Q72, D73, S75, S76, G78, N80, E81, T82, E85, N86, A89, Y92, H93, 
N96, H97, K99, TlOO, E103, E104, K105, E107, K108, E109, Dl 10, Fl 1 1, Rl 13, 01 14, Kl 15, 

25 LI 16, S119, L120, H121,K123, R124, G127, R128, L130, H131, K134, A135, K136, E137, 
Y138, S139, H140, VMS, R152, Y155, N158, G162, Y163, R165, and N166, and the 
followmg residues have more than 50% of thdr side diain exposed to the surface: H4, L5, F8, 
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S12, F15, Q16, K19, W22, G26, R27, E29, Y30, K33, R35, N37, D39, E42, Q46, Q48, Q49, 
Q51, K52, R71, D73, S75, G78, N80, E81, T82, E85, N86, A89, Y92, H93, K99, TlOO, E103, 
E104, E107, K108, DUO, Fill, LI 16, K123, R124, G127. H131, K134, E137, V148, Y155, 
R165,andN166. 

EXAMPLE 1(= Example 1 of PCT/DKOO/00471) 

Design of art expression cassette for expression of IFNB in mammalian and insect celh ■ 

The DNA sequence, GenBauk accession nximber M28622 (shown in SEQ ID NO 1), 
encompassing a full length cDNA encoding human IFNB with its native signal peptide, was 
modified in order to feciHtate high ej^ression in mammalian cells. Firet the ATG start codon 
context was modified according to the Kozak consensus sequence (Kozak, M. J MolBiol 1987 
Aug 20;196(4):947-50), such thai there is a perfect match to the consensus sequence upstream 
of the ATG start codon. Secondly the codons of the native human IFNB was modified by 
making a bias in the codon usage towards the codons frequently used in highly expressed 
human genes. Subseqacstitly, certain nucleotides in the sequence were substituted with others in 
order to introduce recognition sites for DNA restriction endonucleases (this allows for easier 
modification of the DNA sequence later). Primers were designed such that the gene ooiild be 
synthesised: 
CSProFprl: 

S'GGCTAGCGTITAAACITAAGCITCGCCACCATGACCAACAAGTGCCT 

TCGCX;CTGCTCCTGT-3 

CBProFprl: 

S'ACAACCTGCrOjGCTrCCTGCAGAGGAGTrC^AACrrCCAGTGCC^ 

GTGGCAGCTGAACGG-3 *, 

CBProFprS:' 

5'GAACITCGACATCCCCGAGGAAATCAAGCAGCTGCAGCAGTTa:AGAAGG^ 

CGCCGCTCTGACCATC-3 % 

CBProFpr4 

5'TTCCGCCAGGACTCCAGCTCCACCGGTraGAACGAGACCATCGTGGAGAAOT^ 

TGGCCAACGTGTACC-3 

CBProFprS 
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S'AGGAGAAGCTGGAGAAGGAGGACrrCACCCGCGGCAAGCTGATOAGCTCCCTGC 

ACCTGAAGCGCTACTA-3% 

CBProFpr6 

5'GGAGTACAGCCACTGCGCCTGGACCATCGTACGCX3TGGAGATCXnt3CGC^ 

TACTrCATCAACCGC-3% 

CBProFpr9 

S'CACCACACTGGACrAGTGGATCCTTATCAGTrGCGCAGGTAGCCGGTCAGGCGGT 
TGATGAAGTAGAAGT-3', 

CBProFprlO 

S'AGGCGCAGTGGCTGTACTCCTTGGCCITCAGGTAGTGCAGGATGCGGCCATAGTA 

GCGCTTCAGGTGCAG-3% 

CBProFprll 

S'CTCCTrCTCCAGCTTCTCCrcCAGCACGGTCTKAGGTGGTTQATCTGGTGGTACA 

CGTTGGCCAGCAGG-3% 

CBProFprl2 

S'GAGCTGGAGTCCTGGCGGAAGATGGCGAAGATGTTCTGCAGCATCTCGTAGATG 

GTCAGAGCGGCGTCCT-3', 

CBPro^lS 

S'CCTOjQGGATGTCXlAAGTTCATCCTGTCCTrCA 

CAGCTGCCACAGGAG-3', 

CBProFprU 

5'CAGGAAQ(XGAGCAGGTroTAGCrcATCmTAGGG(XGTGGTGCTGAAGCAC^ 
GAGCAGGGCGATCrGG-3', 

The pximeis were assembled to the synthetic gene by one step PGR using Platinum PJx^ 
polymerase kit (Life Tedinologies) and standard thiee step PGR. cycling parameters. The 
assembled gene was amplified by PGR using the same conditions. 

A cDNA encoding a N-terminal extended finm of human IFKB was synthesised using 
the same PGR conditions as described above but with the primers CBFtoFprl and -14 
substituted with the primers: 
CBProFpr7 

S'CTGCTCCAGATCGCCCTGCTCCTGTGCTTCAGCACCACGGCCCTATCGATGAAGC 

ACCAGCACCAGCATC-3', 

CSProFprS 
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S'CACTGCTTACTGGCrrATCGAAAITAATACGACTCACTATAGGGAGACCCAAGCT 

GGCTAGCGTTTAAAC-3', 

CBProFprlS 

S'CAGGAAGCCGAGCAGGTTGTAGCrcATCrGTTGGTGlTGATGTTGGTGCTGATGC 
TGGTGCTGGTGCTrC-3', 

CBProFprie 

S'AGCAGGGCGATCTGGAGCAGGCACTTGTTGGTCATGGTGGCGAAGCTTAAGTTTA 
AACGCTAGCCAGCTr-3', 

in order to incorporate a purification TAG in the IFNB molecule. 

The synthesised genes were cloned iato pcDNA3.1/Hygro (Invitrogen) between the 
Hindim site at the 5' end andthe^cmHI at the 3', resulting in pCBProFl andpCBProF2. 

The synthetic intron fmm pCI-Neo (Promega) was amplified using standard PGR 
conditions as described above and the primers; 

CBProFpr37 5'-CCGTCAGATCCTAGGCTAGCTTATTGCGGTAGTTTATCAC-3', 
CBProFpr38 5'-GAGCTCGGTACCAAGCTTTTAAGAGCTGTAAT-3 
resulting in a 332 bp PGR fiagmait which was cut with Nhel and HinSni and inserted in the 
5'UTR of the plasmids pCBProFl and pCBProF2 resulting in pCBPioF4 and pCBProFS. 

Codons for individual amino acids were changed by amplifying relevant regions of the 
coding region by PGR in such a way that the PGR introduced changes in the sequence can be 
introduced in the expression plasmids by classical cloning techniques. E.g. the primers: 
Lys45arg-5 'primer QiarVKisl): 

S'GCTGAACGGGCGCCTGGAGTACTGCCTGAAGGACAGGATGAACTTCGACATCCC 
CGAGGAAATCCGCCAGCTGCAGC-3', 

Lys45mut-3 'primer (BsiWI): 5'TCrCCACGCGTACGATGGTCCAGGCGCAGTGGCTG-3', 
were used to introduce a K45R substitution in the PCR-firagment spanning the region &om 
position 1055 to 1243 in pCBProFl. Both Has PGR fragment andpCBProFl was cut with Narl 
and BsaWI vAdct are both uoique. The PGR fragment and the vector backbone of pCBProFl 
are purified and ligated resulting in substitution of fiie Lys45 oodon AAG with the Arg codon 
CGCiapCBProFl. 

Furthermore, SOE (sequence overhang extension) PGR was used for introduction of 
amino add substitutions. In the SOE-PCR both the N-tomioal part and the C-teraiinal part of 
the IhJFB molecule were first amplified in individual primary PCRs. 
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For these primary PCRs the central oon^ementaiy primers were synthesised such that 
the codon(s) for the ami-no acid(s) to be substituted is/are changed to the desired oodon(s). The 
terminal primers were standard primers defining the N- and C-terminal of ihe INFp molecule 
respectively. Further the terminal primers provided a restriction enzyme site enabling 
subsequent cloning of the fuU-lengfh PGR product Thus, the central (nonsense) primer and the 
N-terminal (sense) primer were used to amplify the N-teiminal part of the INFp coding region 
in one of the primary PCRs and equivalently for the C-tenninal part. Once amplified the N- and 
C-terrainal parts are assembled into the fiiU-length product in a secondary PGR and cloned into 
a modified version of pGDNA3.1/Hygro as desaibed above. For instance, the following 
primers were used to introduce the mutations for the substitutions Fl IIK and Rl 13T: 
CBProFprimer9(Seiase): . 

CACCACACTGGACTAGTGGMCCTTATCAGTTGCGCAGGTAGCCGGTCAGGCGGTTG ATG 

AAGTAGAAGT, 

CBProFprimer231(AidiseDse): 

CATCAGCTTGCCGGTGGTGTTGTCCTCCTTC, 

CBProFprimer230 (Sense): 

GAAGGAGGACAACACCACCGGCAAGCTGATG, 

CBProFprimer42 (Autisense): 

CACACTGGACTAGT AAGCTTT TATCAGTTGCGCAGGTAGC , 

Furfhennorei, in cases where the introduced inutatiQn(s) were sufficiently close to a 
umque restriction emdo-nudease site in the eicpression plasmid variant genes were constructed 
using construction procedure encompassing a single PGR step and a subsequent cloning. For 
instance, the substitution K19R was introduced by use of the PGR primer 
CBProFprSS: 

GAGGAGTTCGAACTTCCAGTGCCAGCGCCTCCTGTGGCAGCTGAACG, arxd 
CBProFprimer9: 

The PGR product was subsequently cloned using the restriction endb-nudease sites 
BsFmwaABstBl. 



EXAMPLE 2 (=Example 5 of PCT/DKOO/00471) 
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Construction and expression ofJFNB variant with one introduced gfycosylation site 

In order to insert an extra N-linked glycosylation site at position 1 1 1 in MNF-p, tiie 
synthetic gene Qtinf-p) encoding hINF-P (described m example 1) was altered by site-directed 
PC31 mutagenesis. Using BIO-X-ACT (Bioline, UK.) and the plasmid PF050 [hinf- 
^/pcDNA3.1(-)Hygro/Intron (a derivative of pcDNA3.1(-)Hygro (Invitrogen, USA) in which a 
chimeric intron obtained from pCI-neo (Promega, USA) had been inserted betweati the BamHI 
and Nhel sites in the MCS of the vector] as template, two PGR reactions were performed with 
two overlapping primer-sets [CB¥i (5'- 
TTTAAACTGGATCCAGCCACCATGACCAACAAG-3') 
/CB55 (5'-CGGCCATAGT 

AGCGOTCAGQTGCAGGGAGCTCATCAGCTTGCCGGTGGTGTTGTCCTCCT^ 
andCB42/CBS5(5'- 

GAAGGAGGACAACAO^ACCGGCAAGCTGATGAGCrCXXrrG^^ 
TATGGCC G-3') resulting in two ftagments of 446 and 184 base pairs, respectively. These two 
ftagments were assembled in a thini PGR with the flanking primers CB41 and CB42. The 
resulting gene was inserted into the mammalian expression vector pcDNA3.1(-)Hygto/&itron 
and confirmed by 0NA sequencing to have the correct base changes leading to the substitutions 
FlllN andRllSTiiihlNF-p (plasmid designated PF085). 

To test liie activity of the [F111N+ R113TIhINI'-p variant, PF085 was transfected into 
tiie CHO Kl cell line (ATCC #CCL-61) by use of lipofectamine 2000 (Life Technologies, 
USA) as transfection agent. 24 hours later the culture medium was harvested and assayed for 
INF-p activity/concentration; 

Activity: 56046 lU/ml [primary assay] 

ELISA: 80 ng/ml 

Spedfic activity: 7x1 0^ lU/mg 

As seeao, flic |FlllN+R113TihIN^-P variant has a very high spedfic activity, 
aboirt twice the specific activity of wt hINF-p. 
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EXAMPLE 3 (= Example 6 of PCr/DKOO/00471) 

Construction and expression oflFNB wiA another introduced glvcosvlation site 

Analogously to -wiiat is described in Example 5 an extra N-linked glycosylation 
site was introduced in position 49 by means of the substitutions Q49N and Q5 IT. Using PF043 
Qiinf-P /^cDNA3 . 1 (Tnvitrogen, USA)) as template, two PGR reactions were performed with 
two overlapping primer-sets [PBR7] IPBR78 (5'- 
GGCGTCCTCCTTGGTGAAGTTCTGCAGCTG-3') mdPBRS (5'- 
ATATATCCCAAGCTTTTATCAGTTGCGCAGGTAGCCGGT-3') IPBR77 (5'- 
CAGCTGCAGAACTTCACCAAGGAGGACGCC-3') resulting in two fragments of 228 and 
369 base pairs, respectively. These two fragments were assembled in a third PGR with the 
flanking primers PBR7 and PBRS. The resulting gene was inserted into the mammalian 
eaqtression vector pciDNA3.1(-)Hygro/Intron and confiimed by DNA sequeaocing to have the 
correct base changes leading to [Q49N.Q51T]hINF-p (plasmid designated PF104). 

To test the activity of the [Q49N+Q51T]hIN[F-p variant, PF104 was tiansfiEWted into the 
CHO Kl cell line by use of Lipofectamine 2000 (Life Tedhnologtes, USA) as transfection 
agent 24 hours later the culture medium was harvested and assayed for INF-P 
activity/ conoeotration! 

Activity: 17639 lU/ml [primary assay] 

ELISA: lOng/ml 

Specific activity: 1.7xltf'lUAng 

As observed here the [Q49N+Q51T]hIlSIF-p variant has a high specific activity. This 
may be due to poor recognition by one of the monoclonal antibodies used in the ELISA. 

EXAMPLE 4 (^Example 7 of PCT/DKOO/00471) 

Construction and expression oflFNB with two introduced glycosylation sites 

The additional ^ycosylation sites described in Examples 5 and 6 were introduced into human 
IFNB by means of the substitutions Q49N, Q51T, Fl 1 IN, and Rl 13T. 
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Using PF085 (described in example 5) as template, two PGR reactions were performed 
with two ovedapping primer-sets [EBR89 
(5'CGCGGATCCAGCCACCATGACCAACAAGTGCCTGy 

PBR78 and PBR8/PBR77] resulting in two fiagments of 228 and 369 base pairs, respectively. 

These two fragments were assembled in a third PGR with the flanking primers PBR89 
and PBR8. The resulting gene was inserted into the mammaliaa expression vector pcDNA3.1(- 
)Hygro/[ntron and confirmed by sequencing to have the correct base changes leading to [Q49N, 
Q51T, FlllN, R113T] hINF-p (plasmid designated PF123). 

PF123 was transfected into CHO Kl cdls by use of Fugene 6 ^oche) as transfection 
agent 24 homs later the culture medium was harvested and assayed for !NF-p 
activity/concentratioii: 

Activity: 29401IU/ml [primary ass^] 

EUSA: 14ng/ml 
Specific activity: . Zlxlo'lUAnl 
As observed here the [Q49N+Q51T+ Fl 1 1N+ Rl ISTJhlNF.-p variant also has a 
high spedfic activity. 

The variant was finmd to have receptor binding activity in the receptor binding assay 
described in the Materials and Melihods section, which, is based on the vso of the cacosslinldng 
agent DSS. 

EXAMPLE 5 (based on Example 8 of PCT/DKO(V00471) 

Production of[Q49N+ Q51T+ F111N+ R113TJIFNB glycosylation variant in Roller Bottles 

ACHOKl sub-clone (5/G-lO) producing the [Q49N+Q51T+F111N+R113T1 
glycosylation variant was seeded into 2 roller bottles, each with an expanded surface of 1700 
cm^ (Coming, USA), in 200 ml DMEM/F-12 medium (LifeTechnologies; Cat #31330) 
supplemented with 10% FBS and penicillin/streptomycin (P/S). After 2 days the medium was 
exchanged. After another 2 days the two roller botdes were nearly 100% confluent and the 
medium was shifted to 300 ml serum-free UltraCHO medium (BioWhittaker; Cat # 12-724) 
supplemented with 1/500 EX-CYTE (Serologicals Proteins; Cat. # 81 129N) and P/S. Growing 
the cells in this medium promotes a higher cell mass, higher than can be achieved in the serum 
containing medium. Aftear 2 days the medhmi was renewed. After another 2 days the medium 
was shifted to the production medium: DMEM/F-12 medium (Life Technologies; Cat # 21041) 
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supplemented with 1/100 ITSA (Life Technologies; Cat # 51300-044) jXTSA stands for Insulin 
(1.0 g/L) ~ Jransftrrin (0.55 g/L) - Setenitiin (0.67 mg/L) supplement for Adherent cultures], 
1/500 EC-CYTE eind P/S. The harvested media ftom the two roller bottles were pooled before a 
medium sample was taken out for IKNB activity detemiination. 

EXAMPLE 6 (Example 9 of PCT/DKOO/00471) 

Production, purification, and PEGylation ofthelFNB variant K19R+K45R-¥K123R 

To end up with 100 ml serum-free medium containing the IFNB variant 
K19R+K45R+K123R, 3 T-175 flasks were seeded with COS-7 cells in DMEM medium (Life . 
technologies; Cat. # 21969-035) supplemental with 10% FBS plus Glutamine and 
penicillin/streptomycin. On the day of transfection (at nearly 100% confluency) the medium 
was renewed with 30 ml fresh, medium 4-5 hours before the transfection. To prepare the 
transfection, 1890 id DMEM medium witbiout supplements was aliquoted into a 14 ml 
polyprppylene tube (Coming). 210 pi Pugene 6 (Roche) was added directly into the medium 
and incubated for 5 min at RT. In the meantime 168 |ig plaamid DNA ([K19R, K45R, 
K123R]INF-p/pcDNA3.1(-)Hygro; PF #161) was aliqnoted into another 14 ml polypropylene 
tube. After S min incubation the Fugeaie 6 mix was added directly to the DNA solution and 
incubated for 15 min at RT. After incubation about 700 (il was added drop wise to eadh of tiie 
three cell media. 

Next day the transfection medium was substituted with 35 ml serum-free production 
medium. The serum-free medium is based on DMEM medium (Life Technologies; Cat. # 
31053-028) supplemented with Glutamine, Sodium Pyruvate, penicillin/streptomycin, 1% ITSA 
(Life Tecbnologies; Cat # 51300-044), and 0.2% Ex-Cyte (Serologicals Proteins; Cat # 81- 
129). Before the production medium was added tbe cell layers were wasihed two times in the 
DMEM medium without additives. 

Three days post-transfection the 100 ml serum-free medium was barvested for 
purification and PEGylation of the IFNB variant 

pH was adjusted to 6.8 and conductivity adjusted to < 10 mS/cm witti Milli Q water. 
Then the broth was batch adsorbed to 1 ml SP 550 cation exchange resin (TosoHaas) 
preequilibrated with buffer A (20 mM phoq)hate, 100 mM NaCI, pH 7). After 2 h rotation end 
over end, the resin was allowed to sediment and transferred to a column. The resin was washed 
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with 5 colimm volinnes buffer A and eluted with 2 ml buffer B (20 mM phosphate, 800 mM 
NaCl, pH 7). The elxiate was concentrated to 500 ul on VivaSpin (cutoff 10 kDa) after addition 
of 5 % efhyleneglycol. The concentrate was adjusted to 50 mM phosphate, 0.3 M NaCI, 20 % 
^jieneglycol, pH 8 in a final volume of 2 ml and further concaitrated to 0.5 mL 

5 The final concentrate was PEGylated as follows: to 1 00 ul of flie final concentratei, 25 ul 

of activated mPEG-SPA (5000 kDa, Shearwater, Alabama) fireshly prepared in phosphate 
buffer, pH 8 were added to make final concentrations of activated PEG of 0, 5, 10, 25 or 50 
mg/ml. The reaction was allowed to proceed fer 30 min at room temperature and then quenched 
by addition of 50 mM glydne buffer. Samples were AoTea. immediately at-80°C and 

10 bioactivity was measured as described (Primary Assay). Western blots of each sample were 
performed in order to evaluate the amount of unreacted IFNB variant present in tiie PEGylated 
sample. 

Results demonstrate that at 25 mg activated PEG/ml, nonPEGylated IFNB variant was 
absent as judged by western blot and the variant retained 50 % of its bioactivity compared to 
is the control san]|)le (treated identically, but with 0 mg/ml activated PEG). 

EXAMPLE? 

Variants having increased carbohydrate attachntent at position 49 
20 The inserted N-linked glycosyktion site at position 49 in Ihe INFB variant [Q49N, Q51T] 
described in Example 6 of PCT/DKOO/00471 is used only about 60%. In order to incgcease the 
amount of attached carbohydrate the ghitamine residue at position 48 was exchanged with 
phenylalanine (Q48F), valine (Q48V), and tryptophan (Q48W) by site-directed PGR 
mutagenesis. Using BIO-X-ACT (Bioline, UK) and PF185 (PF185 contains the same cDNA 
25 sequence as PF104, described in example 6, despite the &ct that a Kozak sequence has been 
inserted in firait of the start ATG) as template, PGR reactions were performed with overlapping 
primer-setsi 

048F. 049N. 051T 

30 PBR89 (5'CGCGGATCCAGCCACCATGACCAACAAGrGCCTG)/PBR14S 
(5'GTCCTCCTTGGTGAAGTTGAACAGCrGCTr) and PBR8 ((5'- 
ATATATCCCAAGCnTTATCAGTrGCGCAGGTAGCCGGT-S'))/ PBR147 
(5'AAGCAGCTGTTCAACTTCACCAAGGAGGAC) 
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04SV.049N.051T 

PBR89 (5'CGCGGATCX:AGCCACCATGACCAACAAGTGCX:TG) yPBR150 
(5'GTCCTCX;rrGGTGAAGTTCACCAGCTGCrn andPBRS yPBR149 
(5'AAGCAGCrrGGTGAACTTCACCAAGGAGGAC) 

048W. 049R 051T 

PBR89 (S'CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR152 
(S'GTCCTCCTTGGTGAAGTTCCACAGCTGCTT) and PBR8 /PBR151 
(5'AAGCAGCTGTGGAACTTCACCAAG GAGGAC) 

The fragments were assembled in PGR reactions with the flanking primers PBR89 and PBR8. 
The resulting genes were inserted into the mammalian expression vector pcDNAS.l (- 
)Hygro/Intron and confirmed by sequencing to have the correct base changes leading to [Q48F, 
Q49N, Q5ir! liINF-p (plasmid designated PF305), [Q48V, Q49N, Q51T]hINF-p (plasmid 
designated PF306), and [Q48W, Q49N, Q51T]IiINF-p (plasmid designated PF307), 
respectivdly. 

PF305, PF306, PF307, and PF185 (encoding [Q49N, Q51T]hIhfF-p) were ttansfected into CHO 
Kl cdls by use of Fugene 6 (Roche) as transfection agent. 24 bours later the cajlture meditim 
was harvested and assayed for INF-)3 activify: 

PF185 * 134713 HJAnl 

PF305 53122 lUAnl 

PF306 65949 lUAnl 

PF307 45076 la/ml 

In order to evaluate the amount of attached carbohydrate in the three new glyco-sylation 
variants a Western blot was performed with equal amount of activity in each lane (Fig. 1 ; lanes 
2, 3, 4, and 5). As seen in tiie figure the amino acid exchanges (Q48F, Q48V, Q48W) m JSront of 
the introduced glycosylation site (Q49N, Q51T) all leads to an increased amount of fully 
glycosylated material. 

In another experiment it was seen that insertion of especially tjrosine in position 48 lead 
to an increased amount of attadied carbohydrate to the inserted N-linked ^ycosylation site in 
position 49. 
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EXAMPLES 

Variants having increased carbohydrate attachment at position 111 

The insated N-linked glyoosylation site at position 1 1 1 in the INFB variant pFl 1 IN, Rl 13T] 
described ia Example 5 of PCT/DKOO/00471 is used only about 50%. In order to inarease the 
amount of attached carbohydrate the aspartic add residue at position 110 was exchanged with 
phenylalanine (DllOF) and valine (pi lOV) by site-directed PGR mutagenesis. Using BIO-X- 
ACT (Bioline, UK) and PF085 (described in Example 5 of PCTyDKOO/00471) as template, 
PGR reactions were perfimned with overlying primer-sets: 

DllOR F111N.R113T 

PBR89 (5'CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR154 
(5'CAGCTTGCCGGTGGTGTTGAACTCCTTCTC) andPBRS /PBR153 
(GAGAAGGAGTTCAACACCACCGGCAAG CTG) 

D11QV.F111N.R113T 

PBR89 (5'CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR156 
(S'CAGCTTGCC^TGGTGTTCAa^TCCTTCTC) andPBR 8 /FBR 155 
(5'GAGAAGGAGGTGAACACCACCGGCAAGCTG) 

The fragments were assembled in PGR reactions with the flanking primecs PBR89 and 
PBR8. Hie resulting genes were inserted into the mammalian esqpression vector pcDNA3.1 (- 
)Hygro/Intron and confirmed by sequencing to have the correct base changes leading to 
pi lOF, Fl 1 IN, R113TIHNF-P (plasmid designated PF308) and pi lOV, Fl 1 IN, 
Rl ISTJhlNF-p (plasmid designated PF309), respectively. 

PF308, PF309 and PF085 (encoding [Fl 1 IN, Rl 1 3T,]hINF-p) were transfected info 
CHO Kl cells by use of Fugene 6 (Roche) as transfection agent. 24 hours later the culture 
medium was harvested and assayed for INF-p activity: 
PF085 58615 lU/ml 

PF308 50900 lU/ml 

.PF309 15063 lUAnl 
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In order to evaliiate the amount of attached caibohydrate in the two new glycosylatioii 
variants a Western bbt was perfomied with equal amount of activity in each lane (Fig. 1; lanes 
7, 8, 9). As seen in the figure the amino acid exchanges (Dl lOF and Dll OV) in fiiont of the 
introduced glycosylation site (FUIN, R113T) both leads to a significantly increased amount of 

fully glycosylated material. 

In another experiment it was seen that insertion of especially tyrosine in position 110 
lead to an increased amount of attached carbohydrate to the inserted N-linked glycosylation site 
in position 111. 

BKAMPLB9 

SepcarationoflFNB polypeptide gfycoforms 

Hydrojcy^atite chromatography is an efficient means for separation of IFNB glycofoims and 
e.g. obtain glycoforms with fuUy utilized glycosylation sites. This is illustrated in the present 
example^ 

The IFNB variant [Q49N+ Q51T+F1 1 IN+Rl 13T| produced as described in Example 8 
of PCr/DOO/00471 was purified in a three-step procedure: 

The harvested media fiom roller bottles was centrifiiged and filtered through a 0.22 um 
filter (PVDF). The filtrated media was diafiltrated on a Vivaflow 200 system equipped with a 
polyediersulfhn membrane with cut off 1 0000 and applied to a S^epharose column 
(Pharmacia) equilibrated with SO mM sodium acetatCi, SO mM sodium chloride, pH 5,S. The 
interferon variant bound to the column was eluted with SO rsM. sodium acetate, 0.S M sodium 
chloridei pH 5.5. The concentration of sodium chloride in the eluate finm the S-Sephaiose 
column was adjusted to 1.0 M and the sample was filled on a Phenyl-Sepharose High 
Performance column (Pharmacia) equilibrated with SO mM sodium acetate, 1.0 M sodium 
ddonde, pH 5.5. Following appUcation the column was washed with Milli Q water. The IFI^ 
variant was duted with a gradient firom MilU Q water to 60% ethylene glycol, SO mM sodium 
acetate^ pH S.S in 30 cdumn volumes. Fractions containing fijlly glycosylated IFNB variant 
were collected and the buffer in the eluate was changed to 15 mM sodium phosphate buffer, pH 
7.2. The sample was applied on a hydroxy^tite column (CHT n , Ceramic hydroxyapatite, 
Type n, Biorad) equilibrated with 15 mM sodium phosphate. The fiilly glycosylated form 
passed through the column where as the underglycosylated form with one extra site used bound 



wo 02/074806 



88 



PCT/DK02/00128 



to tiie column and was eluted with a Hnear sodium phospihate gradicait fiom 15 mM to 200 mM 
in 20 column volxmies. 

The purity of &Uy glycosylated [Q49N+ Q51T+F1 1 IN+Rl 13T] WNB was judged to be 
higher liian 95% based on SDS-PAGE. 

5 

EXAMPLE 10 

PEOylation ofWNB wf(A introduced gfycoiQflaHon sites 

10 A fresh stock solution of SCM-PEG (succinimidyl ester of carboxymethylated PEG from 
Shearwater, Alabama, 5 kD or 12 kD) was prepared in methanol before each experiment 

100 microliter of a 0.3 mg/ml solution of the glycovariant [Q49N+ 
Q51T+F1 1 IN+Rl 13T] IFNB in 50 mM sodium phosphate, 100 mM sodium chloride, pH 7.0 
were PEGylated wifli SCM-PEG, 5 kD or 12 kD, with two times molar surplus of PEG to 

15 possible PEGylation sites, Le. lysines and N-teaminos. After incubation for 30 min at room 
tempeiaturej the reaction was quenched by addition of 5 (xl 20 mM glycine, pH 8.0. At this 
stage, the reaction mixture contained a minor part of unmodified protein judged by SDS-PAGE. 
In vitro testing using the primary screening assay demonstrated that the pegylated material 
retained 40% activity with 1-3 groups of 12 kD PEG attached. WiiQi 1-3 groups of 5 kD PEG 

20 attached the retained bioactivity was 25%. 

In another experiment 50 jil of purified [Q49N+ 
Q51T+^F111N+R113T+K19R+K45R+K123R1IFI^ wilhaprotdnconcraitralionof 0.1 mg/ml 
was PEGylated ui 50 mM sodium phosphate, 100 mM sodium chloride, pH 8.0 with SCM- 
PEG, 5.kD, with 20 times molar excess of PEG to possible PEGylation sites, i,e. lysines and N- 

25 terminus. After incubation for 30 min at room temperatnrei, liie reaction was quenched by 
addition of 5]il 20 mM glycine, pH 8.0. At this stage, the reaction mixture contained a minor 
part of umnodified protein judged by SDS-PAGE. 

In vitro testing using the primary screening assay demonstrated that the pegylated 
naaterial retained 45% activity with 1-3 groups of 5 kD PEG attached. A higher molar surplus 

30 of PEG was needed to PEGylate variants in which one or several lysines were substituted with 
other amino add residues. 

Pegylated material was separated from unpegylated material and surplus of PEG using 
eilher size-ex;dusion chromatogrj^hy or cation exchange chromatography or a combination of 
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both. Size-exclusion dnotnatogr^liy was peifonued with a Superose 12 or Superdex 75 
column from Pharmacia eqidEbrated with PBS buffer, pH 7.2. Cation exchange 
chtomatogrq)hy was performed on SP-Sepharose HP (Pharmacia) equilibrated with 20 mM 
citrate, pH 2.7. Elution from the SP-Sepharose HP column was performed either by increasing 
the concentration of salt (e.g. sodium chloride) or by increasing the pH of the buffer (e.g. 
sodium acetate or sodium phosphate). 

EXAMPLE 11 

Hyper-glycosylatedlNFr^ variant is stabilised by substitution of the cysteine in position 17 
with serine 

CHOKl cells weare transfected withplasmids encoding two hyper-glyoosylated INF-P variants: 
[S2N, N4T, Q51N, E53T|INF-p (PF276) and [S2N, N4T, C17S, Q51N, ESSTjlNF- 
p (PF279). Coofluesot stable primaiy transfection pools were expanded into feur T-175 flasks 
each. At confluency, the flasks were shifted from serum containing medium to a serum-free 
medium based on DMEM/F-12 medium (Lifetecnologies #21045-025) supplemented with 
■ 1/100 ITSA (Life Technologies #51300-044) and 1/1000 Ex-Cyte (Serologicals Corp. #81- 
129). Every day, in 15 days, 120 ml of each variant was harvested and frozen a* -^0 °C. 

The supematants from the daily harvest were collected and filtered through 0.22 um 
filter (PVDF based). The supematant was concenhated approximately 15 times on a Vivaflow 
200 system equipped with a polyethersulfon membrane wifh cut-off 10000 and the ooncemtrated 
sample was applied on a S-Sepharose oohmn equilibrated wifh 50 mM sodmm acetate, 50 mM 
NaCl, pH 5.5 The IFNB variant eluted in a step with SO mM sodium acetate^ 0.5 MNaCl, pH 
5.5. 

The concentration of sodium chloride in the eluate from the S-Sepharose column was 
adjusted to 1.0 M and the sample was applied on a Phenyl-Sepharose column equilibrated with 
50 mM sodium acetate, 1.0 M sodium chloride, pH 5.5. Extensive washing with the 
equilibration buffer was carried out before the IFNB variant was duted with 60% ethylene 
glycol in 50 mM sodium acetate, pH 5,5. 
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Unreduced SDS-PAGE following the purification clearly demonstrated the formation of 
dimer with [S2N, N4T, Q51N, ESSl^HSIF-P where as no dimer was present with [S2N, N4T, 
C17S, Q51N, E53T1INF-P. 

EXAMPLE 12 

Production, purification andPEOylaUon ofCC17S+Q49N+ Q5IT+DnOF+ F111N+ 
R113TJIFNB glycosylation variant. 

A CHOKl sub-done (5/G-lO) producing [C17S+Q49N+ Q51T+D110F+ Fl 1 1N+ 
Rl ISTJIFNB glycosylation variant was seeded into 6 roller bottles, each with an expanded 
surface of 1700 cm^ {Coming, USA), in 200 ml DMEM/F-12 medium (LifeTechnologies; Cat 

# 31330) supplfflneated with 10% FBS and pemcfllin/streptomycin (P/S). After 2 days the 
medium was exchanged. After another 2 days the two rollear bottles were nearly 1 00% confluent 
and the medium was shifted to 300 ml scxum-j&ee UltraCHO medinm (BioWhittaker, Cat # 12- 
724) supplemented with 1/500 EX-CYTE (SCTologicals Protems; Cat # 81129N) and P/S. 
Growing the cells in this medium promotes a higher cell mass, higher than can be achieved in 
the serum containing medium. After 2 days the medium was renewed. After another 2 days the 
medium was shifted to the production medium: DMEM/F-12 medium (Life Technologies; Cat 

# 21041) supplemented with 1/100 ITSA (Life Technologies; Cat # 51300-044) [TTSA stands 
for Sisulin (1.0 g/L) -^Jransfenin (0.55 g/L) - Seleaiium (0.67 mg/1.) supplement for Adherent 
cultures], 1/500 EC-CYTE and P/S. TTie harvested media fiom the roller bottles were pooled 
befiare a medmm sample was taken out for IFNB activity determination. Every day, in 21 days, 
1.8 1 medium was harvested and fiozen at -80 °C. 

The harvested media fiom roller bottles was oenhifuged and jBltered through a 0.22 |am 
filter (PVDF). The filtrated media was diafiltrated on a Vivaflow 200 system equipped with a 
polyethersulfon membrane with cut off 10000 and applied to a S-Sqpharose column 
(Pharmacia). 

The S-Sepharose column was equilibrated with 50 mM sodium acetate, 50 mM sodium 
chloride, pH 5.5 and the interferon variant was ehited with 50 mM sodium acetate, 0.5 M 
sodium chloride, pH 5.5. The concentration of sodium chloride in the eluate was adjusted to 1.0 
M. 
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■ Hie eduate &om Ihe S-Sqiharose coltunn was applied on a Phenyl-Sephaiose Hig^ 
PerfiOTnance column (Pharmacia) equilibrated ■with 50 mM sodium acetate^ 1 .0 M sodium 
chloride, pH 5.5. Following ^plication the oolunm was washed with 50. mM sodium acetate, 50 
mM sbdiinn dUoridei pH 5.5, The IFNB variant was eluted with a gradient ftom 50 mM 
sodium acetate, 50 mM sodiran chloride, pH 5.5 to 60% ethylene glycol, 50 mM sodium 
acetate, pH 5.5 in 30 coliimn volumes. Fractions containing fully glycosylated IFNB variant 
were collected and pooled. 

The ethylene glycol in the eluate from the Phenyl-Sepharose was removed by passing 
the eluate through a S-Sepharose column equilibrated with 50 mM sodium acetate, 50 mM 
sodium chloride, pH 5.5. The ethylene glycol was in the flow through where as the interferon 
variant bound to the column. Following application the colunon was washed with 20 mM ' 
sodium acetate, pH 5.5 and the interferon variant was duted with 100 mM sodium pihosphate^ 
pH7.5, 

The phosphate concentration in the eluate was adjusted to 15 mM sodiimi phosphate 
buffer, pH 7.2. and applied on ahydroxyapatite column (CHT I , Ceramic hydroxyapatite. Type 
I, Biorad) equilibrated with 15 mM sodium phosphate, pH 7.2, The fully glycosylated form 
passed through tbie colunm where as the underglycosylated fbtm with one extra site used bound 
to the column and was eluted with a linear sodium phosphate gradient from 15mMto200mM 
sodmm phosphatei, pH 6.8 in 20 column volumes. 

The purity of the fully glycosylated variant [C17S+Q49N+ Q51T+D1 10F+ FU1N+ 
R113T|IFNB was judged to be higher than 95% based on SDS-PAGE. 

FoUowing purification the variant was PEGylated. A fresh stock solution of 10 mg/ml 
SCM-PEG (sucdnimidyl ester of carboxymethylated PEG from Shearwatear, Alabama, 12 K or 
20 K) was prepared m 96 % ethanol before each experiment. 

A protein solution of 0.1 mg/mJ in 20 mM sodium phospihate, pH 7.0 was PEGylated 
with SCM-PEG, 20K, with 0.75 times mplar surplus of PEG to possible PEGylatim sites, i.e. 
lysines and N-terrainus. After mcubation for 30 min at room temiperature, the reaction was 
quenched by addition of a surplus of 20 mM gjycme, pH 8-0. Hie reaction mixture contained a 
mixture of mono-, di- and un-pegylated material. Mono-pegylated material was separated fiom 
other species using either cation exchange chromatography or size-exclusion chromatography 
or a combination of both. pH in the PEGylation solution was adjusted to pH 2.7 and the sample 
was applied on a SP-Sepharose HR (Pharmacia) column equiUbrated with 20 mM sodium 
dtrate, pH 2.7. The pegylated protem was eluted from the column with 50 mM sodium acetate 
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containmg 1 M sodium chloride and applied am a size-exclusion column, Sephaciyl S-100, 
((16/60) Pharmacia) equilibrated wift 100 mM sodium acetate^ 200 mM sodium dhloride, pH 
5.5. Fractions containing mono-pegylated material were pooled and characterized further. 

In another experiment a protein solution of 0.16 mg/ml in 20 mM sodium phosphate, pH 
7.0 was PEGylated wifli SCM-PEG, 12K, with 2 times molar surplus of PEG to possible 
PEGylation sites, i.e. lysines and N-tecminus. After incubation for 30 min at room tennperaturet, 
the reaction was quenched by addition of a surplus of 20 mM glycine, pH 8.0. The reaction 
mixture contained a mixture of mono-, di-, tri-pegylated material together with underivatized 
material. The pegylated material was separated from the unmodified protein using either cation 
exchange chromatography or size-exclusion chromatography or a combination of both. pH in 
the PEGylation solution was adjusted to pH 2.7 and the sample was applied on a SP-Sepharose 
HR (Pharmacia) column equilibrated wiHh 20 mM sodium citrate, pH 2.7. The pegylated protein 
was eluted from the column with 50 mM sodium acetate containing 1 M sodium chloride and 
^plied on a size-exclusion column, Sephacryl S-lOOj ((16/60) Pharmacia) equilibrated with 
100 mM sodium acetate, 200 mM sodium chloride^ pH 5.5. Fractions containing the mixture of 
mono-, di- and tri-pegylated protein were pooled and chaiactetized farther. 

EXAMPLE 13 

Production, purification cmd PEGylation of[C17S+K19R+K33R+K45R+Q49N+ 
Q51T+D110F+ F111N+ RIISTJIFNB gfycosylation 'variant in Roller Bottles. 

A CHOKl sub-done (5/G-lO) producing [C17S+K19R+ K33R+K45R+Q49N+ 
Q51T+D1 10F+ Fl 1 1N+ R113T]IE1SIB gjycosylation variant was produced in 6 roller bottles as 
described in example 12 and purified acoordmg to the protocol used in example 12. The purity 
of the fiilly glycosylated variant [C17S+K19R+ K33R+K45R+Q49N+ Q51T+D1 10F+ Fl 11N+ 
Rl 13T]IFNB was judged to be higher tihian 95% based on SDS-PAGE. 

Following purification the variant was PEGylated. A fresh stock solution of SCM-PEG 
(sucdmmidyl ester of carboxymethylated PEG from Shearwater, Alabama, 12 kD or 20 kD) 
was prepared in ethanol before each experimeid. 

A protein solution of 0. 1 nagitel in 20 mM sodium phosphate, pH 7.0 was PEGylated 
with SCM-PEG, 20K, with 3 times molar surplus of PEG to possible PEGylation sites, i.e. 
lysines and N-tecminns. After incubation for 30 nm at room terarperature, the reaction was 



wo 02/074806 



93 



PCT/DK02/00128 



qiieached by addition of a surplus of 20 mM glycine, pH 8.0. The reaction mi^cture contained a 
mixture of mono-, di- andm-pegylated material Mono-pegylated material was separated fiom 
other species using either cation exchange chromatography or size-exclusion chromatography 
or a combination of both. pH in the PEGylation solution was adjusted to pH 2.7 and the sample 
was applied on a SP-Sepharose HR (Pharmacia) column equilibrated with 20 mM sodium 
dtcatei pH 2.7. The pegylated protein was eluted fiom the column with 50 mM sodium acetate 
containing 1 M sodium chloride and applied on a size-exclusion column, Sephaoyl S-100, 
((16/60) Phaimacia) equilibrated with 100 mM sodium acetate, 200 mM sodium chloride, pH 
5.5. Fractions containing mono-pegylated mat^ial was pooled and characterized "further 

In another experiment a protein solution of 0.1 mg/inl in 20 luM sodium phosphate, pH 
7.0 was PEGylated with (10 mg/ml) SCM-PEG, 12K, with 5 times molar surplus of PEG to 
possible PEGylation sites, i.e. lysines and N-teaminus. After incubation for 30 min at room 
temperature, the reaction was quenched by addition of a surplus of 20 mM glycine, pH 8.0. 
The reaction mixture contained a mixture of mono-, di-, tri-pegylated material together with 
underivatized material. The pegylated material was separated from the unmodified protein 
usmg dther cation excihaaoge chromatography or size-exclusion chromatography or a 
combination of bodi. pH in the PEGylation solution was adjusted to pH 2.7 and the sample was 
applied on a SP-4Sepharose HR (Phaimada) column equilibrated with 20 mM sodium citrate, 
pH 2.7. The pegylated piotehi was ehited fiom the column with 50 mM sodium acetaite 
containing 1 M sodium chloride and applied on a size-exclusion column, Sephaciyl S-100, 
((16/60) Pharmacia) equilibrated with 100 mM sodium acetate, 200 mM sodium chloride, pH 
5.5. Fractions containing the mixture of mono-, di- and tri-pegylated protein were pooled and 
characterized fiuther. 
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1 . A glycosylated variant of a parent mteaferon p (IKNB) polypeptide comprising at 
least one in vivo glycosylation site, wherein an amino add residue of said parent polypeptide 
located dose to said glycosylation site has beai modified to obtain liie variant polypeptide 
having an increased glycosylation as coaupared to the glycosylation of the parent polypeptide. 

2. The variant according to daim 1, wherein the glycosylation site is an N-glycosylation 

site. 

3. The variant according to claim 1 or 2, wherein the parent IFNB polypeptide is wt 
interferon p, e.g. wt human IFNB. 

4. The variant accordiiig to daim 1 or 2, wherein the parent IFNB is a variant or 
fragment of a wt inter&ron p, which variant or ftagment exhibits IFNB activity. 

5. The variant according to any of daims l-4,whereni1heparentIFNBisavariaDtofa 
wt IFNB, vfiaah as compared to said wt IFNB comptises at least one introduced and/or at least 
one removed attachment gcoiip for a non-polypeptide moiety. 

6. The variant according to claim 5, wherein the parent IFNB comprises at least one 
introduced glycosylation site as compared to a wt IFNB, in particular an N-glycosylation site. 

7. The variant according to any of daims 1-6 further comprising the mutation C17S • 
rdative to Ihe amino add sequeaioe shown in SBQ ID NO 2. 

8. A glycosylated variant according to any of daims 1-7, further comprising at least one 
introduced and/or removed amino acid residue comprising an attachment group for a second 
non-polypeptide moiety. 

9. The variant according to claim 8, wherein at least one lysine residue has been 
introduced and/or removed. 
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10. The vaiiact according to claim 9, comprising at least one mutation selected &>m the 
group consisting of K19R, K33R, K45R and K123IL 

1 1 . The variant according to any of claims 1-10, comprising one of the following sets of 
mutations: 

CI 7S+Q49N+Q5 IT+F lllN+Rl 1 3T; 
C17S+Q49N+ Q51T+D11 0F+ Fl 1 1N+ Rl 13T; 
C17S+K19R+K33R+K45R+Q49N+ Q51T+D1 10F+ Fl 1 IN+ R113T; 
S2N+N4T+C17S+Q51N+E53T; 

C17S+K19R+K45R+Q49N+Q51T+F111N+R113T+K123R; 
C17S+K19R+K33R+K45R+Q49N+Q51T+F111N+R113T+K123R; 
S2N+N4T+C17S+K19R+K45R+Q51N+E53T+K123R; 
.S2N+N4T+C17S+K19R+K33R+K45R+Q51N+E53T+K123R; 
S2N+N4T+C17S+K19R+K45R+Q51N+E53T+F111N+R1 13T+K123R; or 
S2N+N4T+C17S+K19R+K33R+K45R+Q51N+E53T+F111N+R1 13T+K123R 

12. The variant according to any of claims 1-1 1, which is glycosylated and conjugated 
to a second non-polypeptide moiety difEerent from a sugar moiety. 

13. He glycosylated variant according to claim 12, wherein the second non-polypeptide 
moiety is a polymer, e.g. PEG, in particular a 12kDa or20kDa PEG, eg. a single PEG 20IcDa. 

14. Amethod of increasing in vivo glycosylation of aparent IFNB molecule that 
comprises at least one in vivo glycosylation sitei, which method comprises 

i) substituting an amino add residue occupying a first position located dose to the £n 
vivo glycosylation site of the parent IFNB molecule with a second amino add 
residue to produce a variant IFNB molecde, 

ii) measuring the degree of glycosylation of the variant relative to that of the parent 
IFNB molecule as obtained fiom expression in a ^yoosylating host cell under 
comparable conditions, 

iii) if necessary repeating step i) to substitute the second amino add residue with a third 
amino add residue and/or to substitute an amino add residue located in a second 
position close to the glycosylation site with a second amino add residue and 
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repeating step ii) of dther the parent molecule or fhe variant molecule resulting 
from step i), 

st^s i^-iii) being repeated until an increased in vivo glycosylatian is obtained. 

15. The me&od according to daim 14, wherein the glycosylation site is a non-naturally 
occurring glycosjdation site. 

16. The method accordtag to claim 14 or 15, wheiein the variant to be prepared is as 

defined in any of claims 1-13. 

17. A variant IFNB molecule which is a fusion protem comprising a)anIFNB 
polypeptide and b) a human serum albumin polypeptide. 

18. A nucleotide sequence encoding a variant according to any of daima 1-17. 

19. An expression vector comprising a nucleotide sequence according to daim 18. 

20. A glycosylating host cell comprising a nucleotide sequence according to claim 1 8 or 
an expressian vector axxxnding to daim 19. 

21. The host cell according to daim 20, wbidi is a CHOcdl. 

22. A method produdng a glycosylated IFNB molecule, t^di method comprises 

i) cultivating a transfonned glycosylating host cell according to claim 20 or 21 under 
conditions condudve for producing a glycosylated molecule^ and 

ii) isdating the resulting glycosylated molecule. 

23. A method fer preparing a conjugated variant according to any of daims 1-13, 
wherein the IFNB polypeptide variant is reacted with the molecule to wMdi it is to he 
conjugated under conditions condudve for the conjugation to take place^ and the conjugate is 
recovered. 
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24. A phaimao^tical composition comprising a conjugate according to any of claims 
1-13 andb) a phannaceutically acceptable diluent^ carrier or adjuvant 

25. A pliaimaceutical composition ccBBprising an EFNB polypeptide that comprises the 
substitati on CI 7S (relative to SEQ ID NO 2), the conrposition comprising a reduced amount of 
stabilizer as compared to the amount required to prepare a pharmaceutical composition 
comprising an IFNB polypeptide comprising CI 7. 

26. A pharmaceutical composition comprising an IFNB polypeptide that comprises the 
substitution C17S (relative to SEQ ID NO 2), the con^osition being substantially fiee from a 
stabilizer. 

27. A conjugate according to any of claims 1-13 or a composition according to any of 
daims 24-26 fax the treatmeait of diseases, in particular multiple sclerosis. 

28. A conjugate according to any of claims 1-13, a composition according to any of 
claims 24-26 for use in the treatment of disee^s, in particular multiple sdecosis. 

29. Use of a conjugate according to any of claims 1-13 or a composition according to 
any of claims 24-26 for the mami&cture of a medicament for treatment of diseases, in particular 
multiple sdetosis. 

30. A method of treating a mammal with multiple sderosis, which method comprises 
administering an effective amount of a conjugate according to any of claims 1-13 or a 
pharmaceutical compositian according to any of claims 24-26. 
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SEQ ID NO 1 

acattctaac tgcaaccttt cgaagccttt gctctggcac aacaggtagt aggcgacact 
60 

gttcgtgttg tcaaoatgao caaoaagtgt ctcctccaaa ttgctctcct gttgtgcttc 
120 

tccactacag ctctttccat gagctaoaao ttgcttggat tcctacaaag aagcagcaat 
180 

tttoagtgtc agaagctcct gtggcaattg aatgggaggo ttgaatactg octcaaggac 
240 

aggatgaact ttgacatccc tgaggagatt aagcagctgc agcagttcca gaaggaggac 
300 

gocgcattga ccatctatga gatgctccag aacatctttg ctattttcag aoaagattca 
360 

tctagcactg gctggaatga gaotattgtt gagaaoctoo tggctaatgt ctatcatcag 
420 

ataaaooatc tgaagacagt cctggaagaa aaactggaga aagaagattt oaooagggga 
480 

aaactcatga gcagtctgca cctgaaaaga tattatggga ggattctgca ttacctgaag 
540 

gccaaggagt acagtcactg tgcctggacc atagtcagag tggaaatoct aaggaacttt 
600 

tacttcatta acagacttac aggttacctc cgaaactgaa gatctcctag cctgtgcctc 

■660 

tgggactgga caattgcttc aagcattctt caaccagcag atgctgttta agtgactgat 
720 

ggctaatgta ctgcatatga aaggacacta gaagattttg aaatttttat taaattatga 
780 

gttattttta tttatttaaa ttttattttg gaaaataaat tatttttggt gcaaaagtca 
840 

SEQ ID NO 2 

MSYNLLGFLQ RSSNPQCQKL LWQLNGRIJiy CXKDBMNFDI PEEIKQLQQF QKEDAALTiy 
EMLQNIFAIF RQDSSSTGWN ETIVENLIAN VYHQINHLKT VLEEKLEKBD FTRGKLMSSL 
HLKRYYGRIL HYLKAKEYSH CRWTIVRVEI LENPYFINRL TGYLSN 



